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NOTK     ON     tup:     losses    TER     flonSK.i'oW  KK     I'KR 

IIOI'R    BY   CONDENSATION    oF   TIIK   STEAM    IN 

I'll'ES   AND  CYLINDERS  OF  STEAM    ENGLNES 


]W  Wii.i.iAM  Dkn.vis  >Lvuks, 

Wliltnry  I'rofeHHor  Dynamical  F!nKl'><*«Tltig.  Unlvenlty  of  Fennajrirmnia. 
In    tlli<    JolKNAI.    <»F   THK     FllANKMN    LnsTITITE    for    IX-CfinlKT, 

l.SS.",,  tlu'  writn-  ha>  puMislKHJ  a  pajuT  on  "The  Cliejij»est  Point  «>f 
Ciit-otl","  in  which  he  lias  endeavoreil  to  .slmw,  in  a  |»nu'ti«-illv  nm/ful 
way,  that  the  greatest  ec^>nonly  in  the  n.st>  of  >itOiuii,  and  c»)ni««iuentiy 
the  grcalt'Mt  Miviu^  in  money,  18  ett'wtetl  by  making  the  point  of  cut-off 


j;(l-6[l-n....i.^.^])  _ ^  ^ 


-{■  k  —b  "nat.  I<v.  _, 

within  certain  limitations  as  to  number  of  ex|uinsion.'4  in  which 

li  =  the  absolute  back  pressure  in  ll>s.  jht  s«|.  inch  with  exhaust  t»|H>n. 

I\=  the  altsoluto  initial  pn-sssure  in  lbs.  per  s«|.  inch. 

k    =  the  fraction    of  the  volume  of  steam  cylinder    cijual    to    cKtir- 

ance. 
/>    =  the  fraction  of  the  volume  of  stc:im  cyliiuler  at  which  c»»mpn^H 
sion  U'gins  l»eing  nuiisunxl  fnun  the  op|K>iite  en«l  to  <•. 
What   is  neetknl  t(»  render  this  rule  practiailly  a^vunite  within  the 
widest  r:injje.  is  to  establish  the  niti(»  which  exists  between  the  steam 
Whole  No.  Vol.  CXVII. — iTuikk  Skkii»,  Vol.  Izxzvii.)  1 


2  Losses  Per  Horse  Power,  etc.         [Jour,  Frank.  Inst., 

furnished  by  the  boiler  and  that  recorded  by  the  indicator  diagram, 
under  all  the  various  conditions  as  to  initial  and  back  pressures,  and 
points  of  cut-off  used. 

The  quantity  of  steam  recorded  by  the  diagram,  if  deduced  by 
the  usual  rule  is  simply  the  amount  of  steam  remaining  as  vapor  in 
the  steam  cylinder  after  the  steam  has  done  its  work,  and  with  all  its 
conveyed  heat  it  is  immediately  thrown  away  through  the  exhaust 
port. 

The  diagram  makes  a  record  of  the  steam  heat  converted  into  work, 
in  foot  lbs.  Of  the  steam  heat  absorbed  by  the  pipes  and  cylinder  walls 
it  makes  no  record. 

It  is  true,  nevertheless,  that  the  usual  rule  (Avhich  is  to  divide 
859375  by  the  mean  effective  pressure,  multiplied  by  the  specific  vol- 
ume of  the  steam  for  the  terminal  pressure);  is  of  value  for  the 
quantity  of  heat  furnished  by  the  boiler  being  the  same,  and  the  con- 
densation being  the  same,  that  engine  which  shows  the  least  rate  of 
steam  per  horse  power  per  hour  has  proved  most  economical,  since  it 
has  allowed  the  smallest  quantity  of  steam  to  pass  through  the  exhaust 
port  unutilized.  This  quantity  may  be  corrected  for  compression  by  insert- 

bP 
ing  the  term  1  —  — ,    P^  =  absolute  terminal  pressure. 

Another  rule  deduced  by  the  writer  is 

859375^6  — 6"?-^ 

Weight  of  steam  per  IP  per  hour  = ^^ 

PS 

in  which  P=the  mean  effective  pressure  per  sq.  inch,  and  19=  the 
specific  volume  of  the  steam  for  the  initial  pressure.  This  rule  would 
give  the  weight  of  steam  per  horse-power  per  hour  actually  furnished 
in  the  form  of  vapor,  to  propel  the  engine  piston,  but  does  not  record 
the  steam  lost  by  condensation  in  pipes  and  steam  cylinder,  up  to  point 
of  cut-off  and  assumes  that  the  pressure  is  not  lost  by  throttling  up  to 
the  actual  point  of  cut-off. 

It  should  be  remembered  both  in  the  usual  rule  and  our  own,  that 
the  assumption  of  an  isothermal  expansion  curve  gives,  practically,  a 
nearer  average  of  pressures  so  far  as  we  can  judge  from  the  indicator 
diagram  than  any  other  curve,  and  that  in  our  own  rule  since  the  spe- 
cific volume  is  taken  from  the  initial  pressure,  there  is  no  error  intro- 
duced in  the  quantity  of  steam  per  hour  by  reason  of  the  terminal 
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pressure  J>C'ing  as.siime<l  to  vary  according  to  Marriotte's  law,  thus 
intro<luciii;r  Ji  large  error,  l)ecau.s<'  of  the  great  variation  in  the  volume 
of"  stcani  at  low  terminal  pressures. 

The  very  large  iKTcentage  of  the  steam  furnislieil  hy  the  Iwiler 
wliirh  is  lost  through  the  exhaust  in  the  form  of  vapor,  will  be  seen 
from  the  following  examples  t;iken  from  the  refxirt  of  J.  \V.  Plill,  of 
the  comiMititive  tests  of  three  engines  at  the  Hrst  Miller's  International 
Kxliibition,  Cineinnati,  1H80. 

All  of  these  quantities  refer  t<)  one  II'  [xr  hour. 
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The  value  of  one  IP  per  hour  in  heat  units  has  been  obtained  by 
dividing  1,980,000  foot  lbs.  by  772.  Other  values  of  the  heat  unit 
laying  claim  tj  greater  accuracy  have  been  obtained,  and  those  having 
any  preference  can  of  course  use  them. 

A  fair,  comparative  test  of  the  skill  of  engine  builders  can  only  be 
made  by  assigning  as  work  for  each  engine  a  net  horse-power  pro- 
portional to  the  volume  of  its  cylinder  (clearance  included),  multiplied 
by  its  number  of  strokes  per  minute. 

Each  engine  should  have  the  same  pressure  of  steam  of  an  equal 
thermal  value.  The  quantity  2564'8  divided  by  the  quantity  of  heat 
furnished  to  the  engine  in  one  hour  will  then  prove  the  measure  of  its 
efficiencv  both  as  a  means  of  converting  heat  into  work,  and  as  a 
machine  for  the  transmission  of  power. 

Corrections  can  be  made  for  slight  variations  from  the  prescribed 
conditions,  but  these  should  be  avoided  as  much  as  possible. 

As  a  means  of  comparison  any  considerable  variations  from  the  pre- 
scribed conditions  will  render  the  experiments  valueless.  If,  however, 
these  conditions  are  fulfilled,  they  will  enable  the  comparison  to  be 
made  between  any  engines,  however  much  they  may  differ  in  mode  of 
construction. 

Weighing  the  water  in  large  tanks  is  the  only  safe  method.  Water 
meters  have  rendered  mucli  labor  of  the  most  painstaking  kind  quite 
valueless.  This  method  has  the  great  advantage  of  doing  away  with 
that  most  unreliable  of  instruments,  the  indicator,  and  substituting  for 
it  scales  and  thermometers. 

Scales  can  be  obtained  of  any  desired  degree  of  accuracy,  as  can 
also  thermometers,  by  applying  to  the  authorities  at  the  Johns  Hopkins 
University,  Baltimore,  Md.,  or  to  Yale  College,  New  Haven,  Conn. 

The  indicator  will  then  be  relegated  to  its  proper  place  as  a  means 
of  detecting  gross  errors  of  construction,  and  of  determining  aver- 
age means  of  effective,  initial  and  terminal  pressures  with  relative 
accuracy. 

It  is  worthy  of  note  that  the  proportion  of  weight  of  actual  steam 
to  the  weight  of  steam  by  the  usual  rule  per  IP  per  hour,  does  not 
represent  the  proportion  of  the  heat  furnished  to  the  heat  lost  through 
the  exhaust,  since  the  thermal  value  of  the  steam  at  the  terminal 
pressure  is  less  than  its  value  at  initial  pressure. 

This  can  be  seen  from  the  table  which  shows  the  percentages  of  the 
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weights  of  water  to  be  greater  than  the  percentages  of  the  heat  units 
at  boiler  and  terminal  pressun-s. 

The  mcjst  suggestive  i)oint  of  the  table  is  tiie  ttp[)roxiniate  uni- 
formity of  the  ratio  of  water  by  the  indimtor  to  the  actual  water 
evaporated  for  Ijoth  condensing  and  non-c^jndensing  engines  per  H'  j)er 
hour,  its  variation  is  withiu  the  limits  of  error  of  the  best  indicators. 

If  this  ratio  jjrove  constant  then  will  the  discussion  of  the  cheapest 
point  of  cut  otf,  which  has  proved  itself  true  within  the  range  of  Mr. 
Hill's  exj>eriments  lujld  goo*!  for  all  conditions,  but  this  point  remains 
to  be  verified  by  experiment,  as  already  set  forth  in  a  previous  paper. 


TIIE  CHEAPEST   POINT  OF   CUT-OFF. 


By  Dk  V(>i>s^>n   \V«m)1). 


It  is  proper  to  observe,  that  in  Professor  Marks  analysis  (jt'  this 
pro!)lom  in  the  last  December  number  of  this  .bjtiiNWL,  the  con- 
stant charges  are  assumed  to  be  a  constiuit  fraction  of  the  cost  of 
stt^'iim.  This,  in  other  words,  is  etpiivalent  to  assuming  that  the 
constant  charges  vary  with  the  cost  of  steam,  a  pro|H)<ition  involv- 
ing, in  general,  a  self-contradiction.  But  granting  that,  in  the  sjMiial 
case  considcrwl  by  Professor  Marks,  which  involves  a  given  horse- 
power per  hour,  is  correctly  represented  by  his  e<piation  (o),  the  result 
will  l)e,  inde|KMident  of  constant  eharges,  but  not  mt  for  any  rttJirr  law. 
Tiie  solution  then  is  not  general  but  special;  and  we  mav  draw  the 
interencv  that  ''  the  point  of  cheapest  cut-of!""  is  generally  dei)endent 
upon  the  constant  charges. 


Artificial  Auroras  I'rof.  Lenstrom,  ilirector  of  the  Met»i>ro- 
logieal  Observatory  of  S«xlankygla,  Fiidanil,  pnMlucetl  artificial  auro- 
ras by  passing  a  strong  electric  current  through  a  n»p|>er  wire,  which 
surrounde<l  the  hill  of  Pietrotneturi,  near  Cullala.  A  few  days  after- 
wards he  surrounded,  in  like  m  inner,  a  space  of  9lX)  s<]uaro  metres  on 
the  summit  of  the  hill  Ovatnaturi.  In  the  latter  ex|K»riment  he  saw 
the  cone  surroinuhnl  by  a  yellowish  light,  which  n>s«-mble»I  the  stream- 
ers of  the  aun>ra  Iwtivalis.  —  Lik  M<>nihs,  April  21,  iSS.i.  C. 
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THE  THEORY  OF  TURBINES. 

[abstract.] 


By  Robert  H.  Thurston. 

[Am.  Soc.  Mechanical  Engineers:  November  Meeting,  New  York,  1883.] 


(Concluded  from  page  459.) 

24.  Centrifugal  action  and  friction  modify  the  theorj'^  of  the  turbine, 
as  already  indicated ;  the  one  altering,  in  equal  amount,  both  the 
energy  expended  and  the  energy  usefully  applied,  and  the  other  by 
reducing  the  head,  reaching  and  impelling  the  wheel.  It  has  been 
seen  that  these  quantities  of  work  can  be  represented  by  expressions 
involving  the  velocities  of  current  and  quantities  having  the  forms 

y(/j)  =  iV^and/(/)  =  F,  in  which  n  is  the  value  of  -?-  and /is  a  func- 

tion  of  the  coefficient  of  fluid  friction.  Values  of  iV^have  been  given 
in  Tables  I-IV,  for  various  values  of  h^,  the  head  due  centrifugal 
action,  and  those  of  /(/)  are  easily  calculated  when  the  elements  and 
action  of  the  wheel  are  given. 

The  expressions  for  head  and  efficiency  then  become,  for  the  first 
form  of  wheel,  friction  included. 

K  -  /'.  =  ^-  (2  ar,v,  -  aW)  -  Nv,^  (62) 

Aj  =  1.  {n\^  sec.^  /9  -f  2ar,v,  —  a-/f  —  Nv^  +  Fv^")  (63) 

E= {n'  +  \){2arv,-a\')-Nv,'  ,^4^ 

n  V  sec.2  ^9 + 2a7T, — a  V— iVi-iH  i^^i*  * 
When  i\  =  ar^  ;  v^  =  nar^  =  nv^ , 

E= n^  +  ^-^ .  (65) 

when  n  =  1, 

E  = ?^Z^ (Q6\ 

and  when  ^  =  o, 

E=^±lldL^,  (67) 

which  becomes  unity  when  F  becomes  o. 

The  magnitude  of  the  quantity  N  which  appears  in  the  completed 
equations  for  efficiency  and  head  may  now  be  readily  determined  for 
the  cases  studied.     It  is  not,  as  is  easily  shown,  the  value  of  /(n)> 
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whicli   is  ol)tain('d  by   con-'Klcring  only  the    ah^olute  whirl,  and    as 
deduced  in  article  3. 

Since  the  motion  of  the  water  in  8|)ace  is  the  resultant  of  the  motion 
of  the  current  relatively  to  th<'  wheel  and  the  motion  of  the  wheel 
itself,  it  is  evident  that  the  path  in  space  heing  given,  the  motion  of 
the  water  at  each  ])oint  in  that  path  may  l)e  decomposed  into  two  com- 
ponents, the  one  coincident  with  the  wheel,  and  the  other  the  motion 
relative  to  the  wheel  and  along  the  bucket  channels.  These  two  motions 
may  be  studied  se])aratcly  and  their  joint  effect  ascertainetl  by  com- 
bining the  effects  of  their  separate  action. 

The  head  driving  the  wheel  l)eing  reduce<l  by  friction,  the  sjx?ed  of 
wheel,  u'2  =  n  =  «/•,,  is  correspondingly  decreased.  The  value  of  i-,  is 
that  due  to  the  head. 

H  =  {nh-^  iec.'  ,9  +  2arf,  —  ah','  —  Nv,'  +  Fv,^  ±  2g, 
minus,  the  last  term,  /.  e.,  to 

h,=  H-  h,  =  {n\' sec.V  +  2ar,r,  —  aV,*  —  iVr,')  ^  2g, 
and   the  speed  of  wheel   must  be  adjusted   to  this  last   value  of  A. 
Friction  produces  a  retardation  of  flow  throughout  the  whole  column 
of  fluid. 

25.  It  thus  remains  to  determine  the  value  of  the  factor,  Nv^=  2gh^, 
which  enters  all  final  eijuations.  It  is  evident  that  it  cannot  In-  that 
value  of  27/1^  found  in  the  intro<luction  as  a  measure  of  total  centri- 
fugal action,  since  only  the  motion  of  the  water  relative  to  the  wheel 
is  considere<l,  when  measuring  the  energy-  gainetl  or  lost  rektively  to 
the  bucket.  It  must  be  some  other  value  greater  or  less.  The  steady- 
ing effect,  however,  is  approximately  mwisured  by  the  variation  of  the 
total  centrifugal  action  for  which  values  of /(/i)  have  been  given,  and 
these  values  are  determined  largely  by  the  form  of  bucket.  Variation 
of  spee<l  docs  not  alter  the  path  on  the  wheel,  although  it  does  vary 
velo<-ity  in  that  path. 

As  the  difference  of  head  on  the  entrance  and  exit  sides  of  the 
wheel  is  due  to  the  combine<l  action  of  the  two  com|>onent<  of  the 
absolute  motion  of  the  water,  we  obtain,  for  the  difference  of  head  due 
one,  a  maximum 

/,"_/,'  =  ^^L  =  ("•— 1)«V,  (Qg) 

2<7~  2g 

and  for  that  due  the  relative  motion  on  the  wheel,  ac<xmling  to  the 
theorem  of  Bernouilli, 

V_V  =  — 7— •  (69) 

2» 
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The  net  difference  of  head  is  then, 

h^-h,  =  h:'-h:-hj  +  K''  = 

[  J7/2  _  j^/2  _^  („2  _  1^ ^2,,^2-]  ^  2g.  (70) 

When  the  total  difference  of  head  is  zero, 

ytf2  ^  yn  _^  (,^2  _  j)  ^^2.    yn  ^  y,n _  (^2  _  j)  ^2^,^2^      (71) 

and  the  head  due  the  relative  velocity  of  exit  from  the  wheel  must 
be  equal  to  the  sum  of  the  heads  due  initial  relative  velocity  of  current 
and  centrifugal  action. 

When  the  difference  of  head  due  change  of  relative  motion  is  zero, 
and  no  acceleration  occurs  in  the  bucket  from  that  cause, 
y,n  _  yn  ^  ^      ^         ^    ^  /^2  _  jx  (^l 

and  the  total  difference  of  head  is  that  due  maximum  centrifugal  action. 

But,  in  the  analysis  Avhich  has  been  given,  only  the  relative  motion 
on  the  wheel  has  been  taken  into  account.  That  component  which 
coincides  with  the  motion  of  the  wheel  must,  in  turbines  having  wide 
crowns,  be  considered,  and  its  effect  in  producing  change  of  head  in 
the  wheel  must  be  determined.  This  change  of  head  is  that  due  cen- 
trifugal force  and,  as  this  component  of  the  motion  of  the  water  coin- 
cides with  that  of  the  wheel,  the  effect  of  centrifugal  action,  so  far  as  it 
is  due  to  this  component,  must  be  that  obtained  in  Case  I,  and  when 
Vj  =  a  i\,  we  shall  have  for  its  measure 

N  =  f{n)  =  n'  —  1  (72) 

the  values  of  which  expression  are  given  in  Table  I. 

Introducing  this  value  of  N  into  the  equations  for  efficiency  and 
head,  for  the  case  of  the  turbine  of  uniform  direct  flow,  they  become 
E       =         n'  +  l-N      _  2  ,73. 

n^  sec^.  f^  -{-  I  —K      n""  tan.^  ^9  +  2  ^     ' 

2gh  =  n^  y,2  sec.^  ^  —  Nv,^  =  {n^  tan.^  ^9  +  2)  v,^  (74)' 

y  2 
which,  when  ^9  =  o,  give  E,^^^  =  1   as   before,  and  h  =  J-  i.  e.,  A,  is 

9 
twice  the  height  due  the  whirl  i\,  which  condition  is  essential  to  maxi- 
mum possible  efficiency. 

When  the  form  of  the  bucket-channel  is  changed  the  total  centri- 
fugal  action  is  altered,  but  the  difference  of  head  due  the  relative 
velocity  of  the  current  is  also  changed  and  since,  in  all  cases,  the  total 
difference  of  head  at  the  entrance  and  exit  sides  is  the  sum  of  the  head 
due  the  maximum  possible  amount  of  centrifugal  action  and  that  due 
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the  change  of  rehitive  motion  within  the  wheel,  it  l)ecomes  evident  that 
a  difference  of  form  .such  ils  distinguishes  the  Whitchiw  wheel  from  the 
Barker  mill,  the  velocity  of  exit  remaining  unchanged,  simply  alters 
the  meth<Kl  of  variation  of  pressure  within  the  pa-ssagt-s  of  the  wheel 
without  afUvting  its  efficiency,  or  its  hest  speed,  however  the  total 
centrifugal  action  may  l>e  modified  by  such  changes  of  absolute  velocity 
of  whirl  within  them.  Tlie  values  of  J  (n)  given  alx)ve  in  Tables  II— 
IV  for  total  centrifugal  action  correspomling  to  various  methods  of 
actual  variation  of  whirl  are,  therefore,  not  of  im|M)rtan<-e  in  the  theorj' 
of  the  turbine,  so  far  as  the  treatment  here  adopted  is  concerne<l.  They 
relate  to  the  motion  of  the  water  in  space,  and  when  that  jKith  is  re<-ti- 
linear,  and  when  the  total  head  due  eentrifugjii  force  is  zero,  the  (pian- 
tity  Nar^  =  (n^  —  1)  «V  will.  nevertheles.'S,  an|)ear  in  the  analysi.s. 
With  wheels  having  narrow  crowns,  both  this  ami  the  total  centrifugal 
action  may  Ixj  neglected. 

25.  The  Segner  or  Barker  wheel  illastrates  the  maximum  effect  of 
centrifugal  force.  In  its  rudest  form  the  total  centrifugal  action  is  a 
maximum,  the  relative  velocity  of  the  water  in  the  whei'l  does  not 

change,  and   neglecting  friction,  when  r,  =  ir.,  =(ir,,  h^  = •—  ; 

E  =       ^  ~^ 

sec*  ,i  —  N 

which  becomes  E  =  \,  when  fi  =  o. 

But  Tj  ^=   3c,  since,  for  K  =  1,  we  must  have 

r,'  =  2gh^  -f  «V,- ;  r,  =  ar.. 

and  this  is  only  |)ossil)le  when  the  (juantity  2yAj  becomes  indefinitely 
small  in  comparison  with  a^ /y. 

It  then  follows  that  the  he;id,  h.,,  at  exit  is 

/,,  =  A.  -f  ^  (75) 

The  energy  due  this  velocity  is 

r,  =  ^?(2<7A.  +  aV).  (77) 

The  absolute  velocity  of  exit,  !'„  is,  otherwise", 

^'x  =  '"i  —  «'"j  =  1    (2^A,  -f  a^rj)  —  <>r.   ■  i  78) 
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and  tlie  energy  wasted  is 

The  energy  utilized  is  then 

=  ^-  (^  "  ^-2  1/  2gh,  +  a^A-^-  —  «'^2')  (80) 

which  approximates  to  D^A^  as  ar^  approaches  infinity;  for  develop- 
ing V  2gh^  -\-  a^r^-y  by  the  binomial  formula, 

g  \cu\        Iw'r^  / 

which  gives,  when  ar^  =   oc , 

U=  DQh, 
The  efficiency  is 


L\  2^/ij  +  a-y 


and,  taking  Z'  = 


ar. 


_g_    ^''  Vl-\-z''-z''  (82) 

2  +  z'^ 

which  increases  toward  unity,  as  a  limit,  as  2'  increases,  without  limit. 
If  centrifugal  action  could  be  neglected,  taking  the  initial  velocity 

and  its  proportion  of  the  head  T^j,  and  -i-,  as  zero,  the  pressure  head  is 

h^  =:  h^  and  by  Bernouilli's  Theorem,  since 

h^  =  o  -{-  hp  and  o  =  2g  (h^  —  \), 

the  relative  velocity  of  exit,  V",  is  such  that 

V"^  =  2^V 

26.  The  distribution  of  energy  in  the  turbine  is  easily  determined 
in  the  special  cases  already  studied.  It  may  be  traced,  in  a  still  more 
general  and  complete  manner,  by  obtaining  a  measure  of  the  velocity, 
absolute  and  relative,  step  by  step,  as  the  water  passes  through  the 
turbine,  without  reference  to  the  proportions  of  the  wheel  and  without 
prescribing  the  method  of  flow. 
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Certain  fixed   relations  always   exist   Ix^twecn   the   angles   anil    the 
velocities  of  wheel  arul  of  water  which  may  be  eii-sily  detenniued. 
Since  the  volume  of  How  is  the  same,  wherever  measured, 

Q  =  2-r,c/i  \\  sin.  a  =  'inr/Z^  V"  sin.  ,^; 

sin.g   _  nd,  V"  ,^^. 

sin./9  d^^\ 

When  the  velocities,  T,  and  T'",  are  decomposed  into  radial  flow,  u^ 
and  «/j,  and  whirl,  ?',,  r", 


tan.  a  =  "^^  ;  tan.  ;i  =  !fl  (84) 


tiin.  a  =  -J^ ;  tan.  o  = !^» (85) 

T'^  cos.  a  ]\  cos. a  —  tr^ 

which  becomcH  tan.  o   =   tan.  u   when   lr^  =  0,  and   o  =:  90°  when 
w^  =  V^  cos.  a.     a  becomes  greater  than  a  right  angle  when  tr,  >  1', 
cos.  a. 
Also, 

Fj  sin.  a  =   V^  sin.  d ;    F,  cos.  a  —   ]''  coe.  o  =  w^, 


l'^  sin.  a 

Y \^  sin.  0     y 

f 

\  ,  sin.  0 

■wr                   '         y' 

K,         sin.o 

sm.  a 

SHI.  a 

r.  _ 

sin.  n 

sin.  0 

(87) 


(86) 
to,  siu.  o  CO.S.  a  —  sin.  a  cos.  J         sin.  (o  —  a) 

and  the  ratio  of  tlie  areas  of  sections  is 

q^  ^  j^  ^ shi^^ 

0,  /ur,  n  sin.  (o  —  a) 

To  avoid  disturl);ince  at  the  entrances  to  the  wh«'el-pas<siigcs,  the 
line  of  tlie  tangent  to  the  entrance  side  of  the  bucket  must  be  coinci- 
dent with  that  of  tlie  relative  motion  of  the  current  entering  the 
wheel ;  i.  <•., 

(  T",  COS.  a  —  »',)  :   ]\  sin.  «  =  1  :  tan.  d ;  tan.  d  =     ^  ^  '  ^'"-  ^  -  (88) 

I'lCOS.W M>| 

In  all  cases,  also, 

tan.  a  =  n*  ^^  Urn.  ,^  (89) 

The  velocity,   !'„  of  the  water  leaving  ti>c  guiih^s  is  due  to  the  dit- 
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ference  of  pressure  caused  by  the  difference  of  head  within  and  with- 
out these  orifices.     The  total  head,  H,  is  reduced  by  friction  to 

The  difference  of  head  at  entrance  to,  and  exit  from,  the  guides  is 
Aj  —  Ap  and  the  velocity  of  exit  is 


V,  =  V  [:2g  {h,  -  Ap)]  =  y  [2^  {H-h,-  Ap)  (90) 

and  its  energy  is  DQ  =  — ?  (91) 
Or,  Ap  being  unknown  and  T'"!  given, 

K  =  K  -  -^i  (92) 

The  relative  velocity  of  entrance  into  the  wheel,  V,  is  such  that 
the  relative  energy  is  there 

D^Zl  =  4^  ( T?  +  UY  -  2  V,w,  COS.  a)  (93) 

'^9  -9 

The  stream  enters  the  bucket-channels  with  the  velocity  V  and 
with  the  above  energy.  This  relative  velocity  and  this  energy  are 
retained  in  the  buckets,  friction  being  here  neglected,  except  as  they 
are  modified  by  centrifugal  action,  which  increases  the  velocity  in 
outward-flow  wheels,  and  decreases  it  in  inward-flow  turbines. 

The  final  relative  velocity  becomes  V"  at  the  discharge  side  of  the 
wheel,  and  the  relative  energy  is  there 


7,2  ^    DQ(  K_h^YL_^  2gh\ 
2g  ^9   \  2g  ) 

=  DQ  [(A,  -  A,)  +  <-2T>i^cos.«  +  2^A,  j  ^^^^ 

But, 

V"0 

V,  = ;  and  «'.,  =  nw, 

.-.  V  =  2g  (Aj  —  A2)  +  <  —  2^1  w,V"  COS.  a  +  2gh, 
r'  =  J[2^(A,-A2)  -f  -^  w,'  cos.^'a  +  2^A,]  -  ^  w.cos.a     (95) 
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It  is  irapoasiblo,  in  tliest-  tiirhines,  to  make  /9  =  o,  as  this  angle 
must  he  larj^e  enonj;;h  to  permit  free  discharge  of  the  volume  of  fl<jw, 
(^,  without  high  velocity,  u_,,  «»f  direct  flow;  it  must  always  Ix*  so 
large  that 

tan.  ,i  =  "»  (96) 

But   this   value   is  usually  small   euoiij^'h    to  permit   tiie   common 

assumption  timt  V"  =  w^')  ""^^  as  -?.  =     -  :=  n;  !^  =  *^'  ; 

IT,  r,  r,  r, 

F'»  =  2y  (A,  —  Aj  -I-  H--r''  —  2   V"-  cos.  a  -9l.  -f  2ffh^; 


)     2<y  (^  —  h,)  +  2gh, 


(97) 

Neglecting  centrifugjil  action,  and  making  a  =  9U,  we  should  have 
for  turbines  without  guid('-curve-«;,  were  the  case  |X)ssible, 

M-j  =  V"  =  \  2^/r 

as  before,  when  ^9,  w,,  /•,,  and  Ir,  b«'cf)me  o  and  n  =  a. 
When  the  head  is  so  wpially  divideil  that  we  may  make 

A,  —  /<p  =  Ap  +  A«  and   \\  =    P';  w^  =    T,; 

A,  =  2Ap  +  A,; 
we  obtain 

V'^  =   r,=  =  2g  (A,  -  A,)  -^  ,r,'  -  1>  \\,r,  c^.  a  -^  'ij^A. 

_  2s^  (A,  -  A^  +  2<yA, 

2"^^^^ ^^®^ 

which,  when  u  =  1,  A,  =  o,  and  A,  =  o,  becomes 

I?  =   ,J^  (!.9) 

J  COS.  a 

The  absolute  veltK'ity  of  exit,   l',,  is  the  resultant  of  tlie  motion  of 
wheel  and  of  the  dist^harged  current. 

F,'  =  P"  +  tf,«  -  '2r',r,  cx>s.  ,9  (100) 

and  the  enei"gy  tlius  lost  is 

U.^Dq}}-  (\0\) 

-9 
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which  approaches  zero  as  the  values 

^  ==  0,  V"  =  W2 
are  approached. 

The  value  of  W2  may  be  obtained  in  terms  of  the  angles  a  and  d ; 
thus 


2g  (A,  -  h,)  +  2gh, 
\1 


w,  =   ^  / 1     ,    ,^    cos.  a  sui.  o 


n^  sin.  [d  —  a) 


2g  (h,  -h,)  —  2gh, 


?yi=  —  =    ^K»,2    1    9    COS.  a  sm  0 

n  ^   w    -j-  z  - — _ . 

Sin.  [o  —  a) 

For  the  value  of  the  head,  h^^,  we  have 


(102) 


(103) 


T7   ^j^  _wl    __sin.2  d 
g  ^        2g     sin.2(d 

(/«!  —  /(g  —  Z'c)  sin.^  J 


'2(7  2^     sin.2(J  — a) 


, (104) 

n^  &\n?  {d  —  a)  +  2  cos.  a  sin.  u  —  sin.  {d  —  a)  —  sin.^  {p  —  a) 

For  the  parallel-flow  wheel,  in  which  «  =  1,  iV"  =  0,  when  w^  =  V", 

Fj  cos,  a 

an  equation  used  by  Vallet  in  designing. 

The  velocity  V,  due  to  the  whole  effective  head,  is 

V=  V2g  {K  -  K) 
and,  hence, 

2^2  F,  COS.  a  =  T^ ;  20^  = -^ (105) 

2  F,  COS.  a 


The  useful  head  is 


and  the  efficiency  is 


K  =  ^-  ^-  (106) 


ft  ''i        -^-  T7"2 

K  A,  ^9h 

=  1  —  i  tan^a^^  _  ^^^^  ^^^  ^^^^^ 

c/2  tan.  /9 
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Tlie  value  of  tlie  work  of  «-<iitrifupil  action,  lJ(^h^,  in  all  these 
(Hjuations  is,  a-s  in  the  preceding  atseis,  not  the  total  work  of  absolute 
motion  but  the  work  due  to  that  coni|Xjnent  which  is  coincident  with 
the  wheel  and  /»^  =  (n^  —  l)aV,-.  JJut  since,  in  the  general  case,  the 
relations  of  whirl,  of  wheel,  and  of  water  dre  not  fixetl,  the  erjuation 
cannot  Im-  simpliHed  as  in  the  citse  of  the  turbine  of  uniform  radial 
flow. 

27.  The  form  of  curves  for  guides  and  buckets  is  evidently  not  pre- 
scrilxxl  by  the  general  the«jry  ol'  the  turbine.  The  angles,  a,  ,3f  and  o, 
the  proportions  of  the  wheel,  its  principal  dimensions,  and  the  cross 
sections  of  the  passages,  arc  determinable,  and  the  values  obtaine<I 
are  usually  consistent  with  a  wide  variety  of  forms  of  curves.  In 
many  (uses,  also,  the  curve  may  be  very  considerably  m(xlifie<l,  to  >uit 
the  ideas  of  the  designer,  by  slightly  altering  the  diameters  and  depths 
of  the  wheel.  Thus,  an  increase  of  depth  at  the  outer  peripherv 
riHlucts  the  velocity  of  dire<'t  How  and  caus<.s  a  <-orres|)on«ling  change 
iu  the  form  of  bucket,  permitting  a  smaller  value  of  the  exit  angle,  ,iy 
than  can  be  obtainetl  with  uniform  direct  flow,  if  the  volume  of  water 
dis(;harged  Ik-  constiint.  Since  the  force  exerteil  on  the  jntssirig  stream 
by  the  bucket  or  the  guide  is  simply  a  deviating  force,  and  since  the 
angles  of  entnince  and  exit,  only,  are  tixe<l  by  the  theory  of  the  wheel, 
it  is  obvious  that  the  designer  may,  within  (vrtain  limits,  (•h<K>sc  the 
form  of  the  curve,  to  suit  himself,  or  to  meet  any  siKN-itittl  conditions. 

The  best  form  of  curves  is  that  which  causes  lejist  loss  of  energ>-, 
and  at  the  same  time  pnKluces  such  total  centrifug:U  action,  if  anv,  as 
may  be  be'st  for  the  kind  of  wheel  to  Iw  constructed,  i.  e.,  that  which 
gives  minimum  wntrifugid  action  in  outwanl  and  maximum  in  inward 
flow  wheels.  The  losses  of  energy  are  due  to  friction  and  malguidance, 
and  both  these  wastt«  ai*e  least  on  curves  of  smallest  curvature.  C'en- 
trifugid  action  is  usually  a  maximum  on  cur\-es  of  small  curvature,  and 
on  those  which  deviate  least  at  the  terminal  end,  while  it  is  zero  when 
the  path  of  the  water  in  space  is  a  straight  line,  >inct'  its  ma*'niiudc  i^ 
deterinimHl  (.-ntinly  by  the  path  in  sj)ac«'.  and  not  >iniplv  bv  tli«  i.itli 
on  the  wheel. 

The  curve  may  W  "laid  down"  very  n-ailily  by  j)l<itting  tiit-  doiiTil 
path  in  space  on  a  full-size  drawing  of  the  wheel,  an«i  from  it  «leter- 
mining  the  path  on  the  wheel.  Or  it  may  be  obtaineil  bv  tabulating 
a  series  of  diflerences  of  abs<ilute  and  relative  velocities  of  the  n-'ater 
and  of  veUxities  of  wheel,  and  laying  down  the  curve,  step  bv  step,  as 
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the  resultant  of  the  motions  of  water  and  wheel.     Or  the  path  may  be 
plotted  directly  from  the  equation  of  the  curve. 

28.  The  equations  of  these  curves,  in  space  and  on  the  wheel,  are 
readily  derived  thus : 

The  elementary  angle,  dy,  traversed  on  the  wheel  is  the  difiPerence 
between  the  angles,  dcp  and  dd,  traversed  by  the  wheel  and  by  the 
water.     Then 

dY  =  d(p  —  dd  (108) 

The  angle  moved  through  by  the  wheel  is  always  directly  propor- 
tional to  the  time,  since  the  rotation  of  the  wheel  is  uniform,  and 

d(p  =  cdt  (109) 

The  motions  of  the  water,  both  in  whir]  and  in  direct  flow,  are 
determined  by  the  designer.     In  illustration,  take  two  common  cases: 

(1.)  Let  the  path  of  the  water  in  space  be  rectilinear  and  the  retarda- 
tion uniform,  as  in  some  turbines  having  narrow  crowns. 

The  equation  of  the  path  is  then 

Js  =  (r  —  r^jcosee.a  (HO) 

and,  since  retardation  is  uniform, 

—    =   -  f  (111) 

Then 

d(p  =  cdt;  ds=  V,dt  —ftdt  (112) 

r-r,  =  s\n.a{vj-y't^  '  (113) 

and,  for  any  value  of  f, 

^"  \  V    sin.2  a      ^  (?f)  f  ^       ' 

The  values  of  the  constants  are  easily  determined.  V^  is  the  velo- 
city of  exit  from  the  guide-curves,  and  is  obtained  from  the  equation 

F,  =  -^ (115) 

cosec.  a 

The  value  of  c  is  known  when  the  speed  of  the  wheel  is^'given  and 
/  is  fixed  by  the  value  of  Fj,  thus : 

*'  2/'"'         2/  2/      "' 
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,  .  '.  V.,- —  v.-         «,-cosec.-5 —  K* 

A(  —  «i  =    /',  —  /•. )  cosw.  .i  =  _-- L  =   .ji ' L  • 

2/  2/ 

making  u,  =  6u,, 

/=  F,2(6^-osec.-a  — 1)  -^  2  («,  —  «,)  =  i  '.!^"  (6'co6ecva—  1)  (117) 

2  (/•  — ,-, 

Cuiiiinoii  value>  are  ]]—-**■'  \  2  rjh^ ;  »,  =  m,  =  0*2  I  2  ^/j,  ;  6= 
1  ;  a  =  20°. 

Ill  tho  alxive  atse,  no  ceutriruf:;;!!  attion  fxciirs. 

(2.)  Ivct  tl)(!  direct  flow  l>e  uniform  and  tin*  whirl  nnifornilv  ntardtAl 
as  in  the  turbines  «»t'  \'allet. 

W'l'    have,   fur   the   jtath    in   space,  rr/c  =  '•»//;    dr  =  edt  \    <h- =. 

d.  !jJrJl  f, ;  rdd  =  vdt. 

r,  —  /•, 

N\  lull  the  |».ith  \\-A-  Iiifii   extended  Ironi  /•   r.)  -///•,  »inco     *^^;<, 

mr 

^n.  =  "7 Tr~    I  ('"*i  —  '■)      " : 

■"  f  (/»  —  1 )  r,  J  ^     '  ^     r   ' 

1 
V, 
=   e  („  _  1)   ("  '"*?.  '"  —  '"    F  1 )  .  (118) 

When  in  =  », 

<^n=    __!i_^  (»  log,  H  —  »  -^  1)  (li;») 

e  {n  —  1 )  ' 

The  values  of  On  IcH^itc  the  position  of  the  terminal  »tf  the  curve. 
For^the  path  on  the  wlieel  and  the  form  of  bucket. 

<f   =    'fl    =    ""i    :    dr  =  ,-dl;    r,in  =.  r,lf  : 


rdtf  =  _  '   r(f/ ;  dy  =  (fy  —  f/^ ;  r  = 


=    C^.    -        '"■-;•       r,)  ,/.  „20) 

\<T,  r  in  —  1)  r,r     / 

Wholk  No.  Vol.  CXVII.— (Third  Serieb,  Vol.  Ixurii.)  '2 
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mr 

J  Verj         e(n  —  1)  7\/ 


dr 
r 


=  'A  (m  -  1)  -    — ^^  ("  log,  m  +  m-  1)  (121) 

e  e  {11  —  1) 

and  when  m  =  n, 

r.  =    '^  («  -  1)  -     ,    ''    ,,  (^  log. n  +  n-  1)        (122) 
e  e  [n  —  1) 

which  are  the  equations  of  the  bucket  curve  and  path  of  the  water  on 
the  wheel.     Making  Wj  =  o,  we  have  ?-„  =  —  0^. 

Wlien  u\  =  i\,  as  in  the  turbine  of  uniform  direct  flow  of  wliich  the 
theory  has  been  given, 

^^=   1^  (m-l-  ^i^g^  -  'I'JZll)  (123) 

eV  n  —  1  n  —  1/ 

,.  =  ::.  („  _  3J^  -  2)  (124) 

e    \  n  —  1  / 

Equations  may  be  similarly  derived  for  any  practicable  method  of 
flow  which  the  engineer  may  desire  to  secure.  It  will,  however,  be 
sometimes  found  impracticable  to  adopt  certain  forms  of  bucket  with 
certain  proportions  of  wheel,  and  only  careful  study  will  determine 
the  best  arrangement. 

29.  "  Centrifugal "  pumps,  which  are  to  be  considered  as  reversed 
turbines,  and  in  which  centrifugal  action  may  or  may  not  greatly 
modify  the  relative  motion  of  the  water  passing  through  their  chan- 
nels, are  subject  to  the  same  laws,  and  the  common  theory  of  their 
action  is  to  be  modified  in  a  similar  manner.  The  remarks  above 
made,  in  regard  to  forms  of  bucket  and  methods  of  determining  their 
curves,  also  apply  to  this  class  of  machines  and  the  methods  to  be  pur- 
sued in  securing  minimum  wastes  of  energy  are  the  same  as  for  tur- 
bines. There  is,  however,  one  important  difference  to  be  noted  between 
the  turbine  and  the  pump,  viz.,  the  heads  due  their  action  differ  by  the 
quantity  2Af,  since  friction  opposes  motion  either  toward  or  from  the 
machine.  For  the  turbine,  \  =  H —  A^ ;  for  the  pump,  h^  =  H  -\-  h^, 
the  head  reaching  and  driving  the  turbine  differing  from  that  sus- 
tained by  the  pump  by  the  quantity 

H-^h,  —  {H—h,)  =  2h,. 

Note  :— In  the  debate  which  followed  the  reading  of  the  above 
paper,  the  author  stated  that  he,  when  developing  the  expressions  for 
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"  total  "  cent rif'u gill  fonr  presented  at  the  ojteninjr  nf  the  pajMLT,  ex- 
jK'cted  that  tliey  would  find  a  place  in  the  eijuationsj  fonniug  the  theory 
of  the  wheel,  but  that  as  seen  later  iu  the  |)a|)er,  they  are  nf»t  S4»  applic- 
able. Thee(juation.s  remain  jus  in  the  aeeepteil  theory,  whieh  is  correct 
in  form,  although  he  believes  that  it  will  prove  necessary  to  revise  the 
nonienelature  somewhat.  The  so-called  ''centrifugal  "  action  is  hardlv 
that  which  is  so  understfMKl  |)(>|mlarly.  He  shows  that  the  spiral  of 
the  Whitelaw  Wheel  d<M's  not  permit  the  removal  of  the  expnrs^ion 
for  so-called  c<'ntrifugal  force  from  its  etpiation  its  its  inventor  th«»ught 
(See.l.  F.  1.,  for  8eptenil)er) ;  that  \Vhe<'l  and  the  Barker  Mill  have 
the  same  theory. 

Hoboken,  July,  1883. 

Jules  Duboscq. — Duboscq  has  l)een  honored  with  two  goKl  nie<lals 
by  the  Societe  <rKncouragement.  The  first  was  granti^l  in  1855,  lor 
his  electric  regulator,  the  .second  in  18o7,  for  his  improvements  in  the 
stereoscoi)e,  which  contributed  to  the  great  and  rapid  popularitv  of 
that  wonderful  invention  of  Wheatstone  and  Hrew>ter.  He  has  since 
contiinie<l  to  devote  his  attention  to  the  development  of  optics,  and  he 
is  now  considered  every  where  as  the  master  of  ex|K'riniental  art  in  all 
branches  of  that  interesting  scien-e.  The  intro<lucti<in  of  the  eleitric 
regulator  into  the  j)rojecting  lantern  was  of  immen.<e  value;  his  sub- 
set[uent  improvements  in  the  oxyhydrogen  lamp  made  the  projecting 
lantern  applic-able  to  all  varietii's  of  ex|Hriment.  At  the  ex|HiMition  of 
185;'),  Dubosccj  showed,  for  the  first  time,  the  projection  of  maguitie<i 
photographs  of  nucroscopie  objetrts,  which  gave  images  u|M»n  the  screen 
similar  to  those  of  the  solar  microscojKi.  By  an  ingenious  combitiat  ion 
lie  also  obtaint-il  the  effect  of  the  |)olyorama,  with  a  singh-  luminous 
source,  and  proje<'te<l  upon  the  images  of'  miiTos«x)pic  obje<'ts  that  of  a 
mi(  roinetcr  which  thowwl  the  true  magnitude.  His  inventions  for  pre- 
senting tln'  images  in  their  natiu-.d  positions,  for  proj*-*-!!!!!;  objects  in 
a  horizontal  as  well  a**  in  a  vertical  plane,  for  exhibiting  all  the  phe- 
nomena of  polari/.2ition,  for  showing  spectra  iu  relief  and  the  various 
forms  of  turning  s|Hrtr:i,  are  but  a  few  of  the  rt>sult.'*  for  which  the 
scientific  world  is  indcbttnl  to  his  ingenuity.  His  assistance  ha-^  also 
bwn  very  useful  to  many  other  exiH'rimentei's  in  their  res<.'arches. 
Rspecial  mention  may  Ik*  nuule  of  the  pnictii^d  suotx'sv*  which  he  gave 
t(»  .lellett's  saccharimeter,  and  to  liertin's  acknowhxlgement  of  his 
valual)le  assistantv  in  the  .->tudy  of  magic  mirrors.  —  liul.  </♦•  hi  Soc. 
d'Enamr.,  Feb.  1888.  C. 
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WATER-LINE  DEFENCE  AND  GUN-SHIELDS  FOR 

CRUISERS. 


By  N.  B.  Claek,  Passed  Assistant  Engineer,  U.  S.  N. 

[From  the  Proceedings  of  the  U.  S.  Naval  Institute;  revised  and  considerably  en- 
larged by  the  author  for  publication  in  tlie  Journal.*] 

"  An  examination  of  facts  is  the  foundation  of  science." 

A  well  designed  war-ship  may  be  termed  an  aggregation  of  com- 
promises. The  augmentation  or  extension  of  any  quality  beyond  a 
certain  limit  can  only  be  made  at  the  expense  and  by  the  curtailment 
of  some  other  requisite,  equally,  or  perhaps  more,  desirable. 

Everything  has  weight,  and  to  carry  weight  requires  displacement, 
which  involves  increased  resistance  and  greater  engine  power.  The 
distribution  of  weights  so  as  to  produce  the  best  general  results  is  a 
problem  of  the  greatest  importance,  for  upon  it  depends  the  success  or 
failure  of  the  vessel,  as  measured  by  the  standard  of  comparison  with 
others. 

The  cardinal  requisites  of  a  war-ship,  mentioned  in  the  order  of 
their  importance,  are  : 

1st.  Defensive  power — ability  to  keep  the  ship  afloat,  and  the  crew 
alive. 

2d.  Offensive  power — ability  to  destroy  or  disable  an  enemy's  ships 
and  men. 

3d.  Mobility — power  to  chase  down  or  ram  an  enemy. 

4th.  Quarters — giving  healthful  and  sanitary  accommodations  to 
officers  and  men,  necessarily  conducive  to  proper  morale  and  discipline. 

Of  these  prime  requisites,  defence  of  the  water-line  is,  to  a  war-ship, 
a  matter  of  paramount  importance  ;  for  even  though  a  vessel  had  the 
speed  of  the  wind,  was  armed  with  the  most  powerful  guns,  com- 
manded by  the  most  capable  officers,  and  manned  by  the  bravest  crew, 
all  w^ould  avail  nothing  if  she  could  not  be  kept  afloat  in  combat. 

The  great  improvements  attained  in  the  rapidity  of  manipulation, 

*  No.  25,  Proceedings  U.  S.  Navallnstitute,  "The  Development  of  Armor 
for  Naval  Use,"  by  Lieutenant  E.  W.  Very,  U.  S;  N.,  a  member  of  the 
Naval  Advisory  Board,  having  been  published  after  this  paper,  in  its  ori- 
ginal form,  was  read  before  the  Washington  Branch  (June  7,  1883),  has 
necessitated  some  revision  and  additions  by  the  author,  to  correct  certain 
statements  by  Lieutenant  Very  in  relation  to  the  curved  shield,  which  are 
herein  claimed  to  be  erroneous. 
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accuracy  of  fire  iiikI  range  of  the  nuxlern  l)rec'<li-l«ja<ling  rifle  guns, 
niiikc  the  defence  of  tlie  water-line  a  matter  for  the  most  serious  con- 
8i(l<niti»)n.  IVreussion  shells  of  large  si/e,  «ich  one  of  which  is  in 
itself  a  mine,  will  render  an  efficient  defence  of  the  water-line  a  prcl>- 
lein  very  ditlieidt  of  solution.  But  even  if  ahsolnte  |irotecti<»n  c:tnn«tt 
be  attainc<l,  the  imj>ortance  of  th<'  matter  <iemands  the  a«io|)ti<in  of 
every  available  ex|)edient  that  may  lesson  the  chances  of  fatal  disaster 
and  ensure  the  flotation  of  the  ship— 1st,  by  kt-cping  the  water  out. 
as  far  a.s  ]K)>sible ;  2d,  by  freeing  the  vessel  of  water,  should  it  unfor- 
tunat<;ly  gain  entrance. 

A  water-line  defence,  consisting  of  armor  disposed  verticalUv  is  at 
the  meny  of  e/onf/aOd  shot,  cf)n(vntrating  their  energy  on  the  small 
area  of  their  cross  se^'tions;  an<l  if  such  armor  extends  the  length  of 
the  vessel,  the  narniw  bow  and  stern  are  encumlM.'n'<l  with  a  weight 
entirely  disj)roportioned  to  their  flotative  jK)wer. 

Vertical  side  arm(»r  (h>es  not  give  an  efficient  protection,  unless  snj)- 
plemented  by  deck-plating  ;  but  if  the  ag^reg:ite  weight  of  the  vertical 
armor  and  deck-plating  is  distribute<l  over  the  vessel  in  the  form 
of  a  curv(><l  shield,  having  a  cross  section  conforming  to  the  arc  of  a 
circle,  extending  a<'ross  from  side  to  side,  and  .S4>  phu-erl  within  the 
ship  as  to  have  its  crown  slightly  al)ove  tiie  water-line,  with  the  sides 
attaclinl  to  the  vessel  s<Mne  four  feet  below  it  at  onlinary  load  draught, 
a  much  greater  measun-  of  prot<'<-tion  cjin  thereby  Ik-  obtaine«l  with  the 
same  weight  of  armor;  Jis  elongatetl  shot  strike  it  u|)on  their  sides, 
thereby  j)nsenting  the  much  greater  are:i  of  their  longitudinal  sections, 
by  which  they  would  be  deprivcnl  of  much  of  their  pemtrating  |>ower. 
Moreover,  the  glancing  eflW-t  of  a  curvcil  shieUi  will  enable  a  coinjwra- 
tively  light  plate  to  throw  off"  a  heavy  shot. 

Immense  energy  is  stored  in  a  projtvtile  by  pro|H'lling  it  by  as  great 
a  pre>sure  of  an  ehu^tic  gas  :us  the  gun  will  safely  U-ar  without  rupture, 
from  the  briH-^h  to  the  muzzle  thereof;  this  energy  is  a<vunudated 
from  transverse  strains  on  <uc<>cssive  sections  of  the  length  of  the  bore, 
transforme<l  into  longitudinal  m(»ti(»n.  As  the  energy  is  anjuirwi 
during  the  time  of  the  {nissage  of  the  shot  from  the  breech  to  the 
muzzle  of  the  g«ui  the  time  element  is  an  important  factor. 

When  a  sh(tt  strikt-s  armor  at  right  angh's  to  its  surfao-,  this  enor- 
mous energy,  gnulually  aopjinil,  is  sought  to  lie  resistwl  during  the 
infinitesimal  time  the  shot  at  its  immenst>  velocity  is  jKU^sing  the  almort 
inappreciable  distance  the  arm«>r   will  •stretch    liefon*  bmiking  ;  con- 
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sequently  projectiles  can  be  made  to  penetrate  a  thickness  of  armor 
much  greater  than  the  sides  of  the  gun  from  which  they  were  fired. 
By  disposing  plates  at  an  acute  angle  to  the  line  of  fire,  a  much  greater 
time  element  is  given  to  the  armor  which  will  enable  it  to  resist  the 
energy  of  the  projectile. 

In  order  to  obtain  the  best  result  with  deflecting  armor  it  must  have 
a  hard  surface,  and  the  plate  should  have  sufficient  rigidity  to  turn  the 
end  of  the  projectile.  If  the  plate  is  soft,  so  as  to  permit  the  shot  to 
bite,  or  if  it  does  not  possess  sufficient  rigidity  to  turn  the  end  of  the 
projectile  before  it  obtains  a  facing,  it  may  go  through. 

When  a  projectile  strikes  a  deflecting  surface  sufficiently  hard  aud 
rigid  to  deflect  it,  the  angle  of  deflection  is  about  equal  to  the  angle  of 
incidence  and  its  action  is,  therefore,  analogous  to  the  reflection  of 
light,  when  impinging  on  a  bright  surface.  When  the  projectile  force 
is  far  in  excess  of  the  resistance  of  an  inclined  plate,  the  shot  in  going 
through  turns  in  a  direction  normal  to  the  surface  of  the  plate,  its 
action  being  analogous  to  the  refraction  of  light — when  passing  through 
a  transparent  medium — and  for  the  same  reason,  as  it  moves  in  the 
direction  of  the  least  resistance,  there  being  a  less  thickness  of  plating 
in  a  direction  normal  to  the  surface,  than  in  an  oblique  direction. 

When  a  projectile  of  high  velocity  impinges  upon  an  acute  deflect- 
ing surface,  it  receives  so  severe  a  drubbing  from  the  area  of  the  plat- 
ing acted  on,  being  largely  in  excess  of  its  own  surface,  that  the  shot 
is  usually  broken  up,  even  by  very  light  plating. 

The  principle  of  deflection  as  a  means  of  defence  is  by  no  means 
new,  as  it  was  applied  in  the  shields  of  the  soldiers  of  ancient  Rome, 
and  is  applied  in  those  of  many  uncivilized  tribes  of  the  present  day. 

The  ap])lication  of  the  principle  of  deflection  for  the  protection  of 
war-ships  dates  back  to  the  beginning  of  the  present  century,  a  United 
States  patent  having  been  granted  for  such  a  design  as  early  as  1804. 

The  Confederate  government,  during  the  late  war,  constructed  all 
their  armored  vessels  upon  the  deflective  principle ;  and  the  vessels 
then'  built  proved  remarkably  successful,  when  the  great  difficulties 
under  which  they  were  constructed  are  taken  into  consideration  ;  but 
the  angles  of  incidence  presented  were  entirely  too  great  to  obtain  the 
best  results. 

If  the  angles  of  incidence  are  reduced,  the  protected  space  within  is 
correspondingly  contracted,  so  that  it  is  doubtful  if  much  advantage 
can  be  gained  by  the  general  application  of  inclined  plates;  but  by 
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restrirtinj;  the  application  of  (Ifflcftin^  armor  to  certain  structural 
coinhiriatious,  great  aclvautaj^c,  Wotli  in  the  reduftioii  of  weight  aii'l 
incn-ast'd  protct'tioii  am  be  ol)tained  by  lU^  use. 

Tlif  Confederate  arinore<l  vcsscIh  Athtnta  and  Tennesttee  had  the 
phites  of  their  ejt'^eniates  inclined  at  an  anj^le  of  alx>ut  .'JO*^,  surh  a 
disposition  constricted  the  interior  spar-*-  and  thereby  interfen-il  with 
the  propel-  workinj;  of  the  guns,  wliih'  it  is  doul)tful  if  there  was  much 
gain  from  the  deflective  action,  and  consecpiently  of  weight  at  so  large 
an  angle,  i'he  same  interior  space,  defended  by  an  e<jual  weight  of 
vertical  armor,  would  probably  give  almost  a«<  great  a  meiu<ure  of  pro- 
tection ;  but  this  disposition  had  this  advantage  for  the  ( 'onfe<lerate8, 
it  enabUnl  them  to  oi»tain  a  greater  measure  of  protwtitin  with  the  light 
j)lating,  which  their  meagre  facilities  permitted  thetn  to  produi**',  than 
could  have  been  obtained  by  a  vertical  dis|>osition  of  the  same  thick- 
ness of  plating.  In  the  plans  herewith  presented  it  is  intende^l  to 
keep  the  angle  of  incideufc  down  to  a  ma.vimum  ot'  lo". 

Curved  defle<'tiug  armor  will  give  great  advantages  over  that  having 
plane  inclined  sides,  owing  to  the  angle  of  clearanc-e  which  the  curve 
affords.  The  Confe<lerates  used  curve<l  dcHecting  armor  in  the  et>n- 
struction  of  the  HoUin.s'  tixni  which,  alK)ve  the  water,  wa-*  of  a  turtle 
back  form.  The  difficulty  here  eiicountere<l  was  that  by  enveloping 
the  entire  exterior  of  the  vessel  in  armor,  in  order  to  obtain  a  sutfi- 
cienl  margin  of  buoyancy,  the  horizontal  angle  of  incidence  was  made 
so  great  that  but  little  advantiige  was  obtaineil  from  the  defli-f-tive 
principle;  while  on  the  other  hand  if  the  horizontal  angle  of  incidence 
was  made  sufficiently  acute,  by  deeply  submerging  the  ves.sel.  the 
margin  of  buoyancy  woidd  l)e  so  much  ri>dui"«l  as  to  render  her  liable 
to  sink  by  the  admissittn  of  a  very  small  amount  of  water.  These 
difficulties  are  overcome  in  the  design  of  vessel  herein  <lescribe<l,  by 
the  cond>ination  of  a  <urv(Hl  shield  with  the  hull  of  an  ordiiuiry  vi'ssol, 
protlucing  an  intt'ri(»r  turtle  i)ack  ;  the  s|)ace  above  the  curved  shield 
bi'ing  divide<l  into  water-tight  compartnu'uts  to  Ik'  packeil  with  water 
excluding  stores,  therebv  LMviuir  a  large  m:ir<:in  of  Itiiovancv.  or  life 
belt  to  the  vessi'l. 

By  the  aid  of  this  o>ml>ination  of  shielil,  hull  and  lite  Ull,  very 
acute  angles  of  ineidenct-  at  the  water  line  are  obtaiiuil  for  horizontal 
fire,  wheix'by  a  large  measuri'  of  protection  is  obtained  with  very  light 
plating. 

In  the  form  of  dethi'tive  v(^<el,  in  which  the  entire  sujHr^trueture 
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is  enveloped  in  armor,  the  height  above  the  water  is  not  sufficient  to 
admit  of  the  working  of  guns,  such  a  design  being  only  applicable  to 
rams  or  torpedo  boats.  But  in  the  form  of  ves.sel  herein  described  the 
guns  are  mounted  in  separate  shields  far  above  the  water  line,  the 
armor  serving  as  a  carriage  for  the  gun,  which  being  breech  loading 
needs  but  a  small  protected  space  for  its  crew  at  the  breech  end ;  by 
this  means  the  guns'  crews  are  completely  protected  with  the  least 
possible  weight  of  armor. 

The  zone  of  danger  is  the  side  of  the  vessel,  alternately  acted  on  by 
wind  or  water  as  the  ship  rolls.  It  is  proposed  to  protect  this  vital 
part  by  interior  deflecting  armor.  The  position  of  the  shield  in  rela- 
tion to  the  water-line  to  be  adjusted  by  the  admission  of  water  to  the 
double  bottom. 

In  combats  between  shijis  at  ordinary  fighting  range,  horizontal  fire 
is  all  that  need  be  considered — a  vertical  target  can  easily  be  struck, 
while  it  is  almost  impossible  to  make  a  projectile  fired  from  a  vessel 
rolling  at  sea  strike  a  horizontal  surface.  Under  such  circumstances  it 
would  be  very  difficult  to  land  a  shot  upon  the  area  of  an  hundred- 
acre  farm,  to  say  nothing  of  the  much  smaller  surface  of  a  ship's 
deck.  Curved  fire  from  land  batteries  placed  for  the  defence  of 
channels  is  most  effective,  but  such  fire  is  impracticable  in  contests 
between  vessels  at  sea,  as  an  entire  shipload  of  ammunition  might  be 
expended  before  making  one  successful  shot. 

When  elongated  shot  fired  from  rifled  guns  strike  the  water,  they 
tumble  end  over  end  and  sink  beneath  the  surface,  and  there  is  proba- 
bly no  instance  known  of  such  a  shot  striking  a  vessel  below  the  water- 
line,  unless  her  side  was  exposed  by  rolling.  When  the  combatants 
are  a  certain  distance  apart,  the  intervening  water  serves  as  an  impene- 
trable rampart  for  that  portion  of  the  ship  below  its  surface.  For 
every  depression  below  the  mean  level  of  the  water  there  is  a  corres- 
ponding elevation  or  protuberance  above  it ;  and  these  elevations  or 
protuberances  above  the  mean  surface  will  most  eftectually  deflect  shot 
of  high  energy,  and  protect  the  side  of  the  vessel  below  them ;  there- 
fore, a  vessel  would  not  be  exposed  by  the  hollows  between  two  waves, 
and  if  she  was,  a  plane-sided  shield  would  have.no  advantage  over  a 
curved  one. 

Figure  1  represents  a  cross  section  of  a  cruising  vessel  rolling  in  a 
sea  way,  being  struck  by  a  projectile  which  is  deflected  upwardly 
through  the  light  penetrable  upper  works.     This  shield  conforming  to 
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the  arc  pf  a  circk',  (les(rilK.<l  fntin  a  (ciitre  approxiriiatiii^  tlic  -liipV 
centre  of  oscillation,  presents  a  pnutically  ctjnstarjt  an^le  <»f  inciilence 
to  horizontal  fire  as  the  ship  rolls.  It  is  not  daiinetl  tliat  the  curve 
of  a  circle  will  give  the  most  con.stant  angle  of  incidents  to  horizontal 
fire,  as  such  would  not  l)e  the  case,  f<tr  the  true  curve  w(»ul(l  partake 
somewhat  (tf  the  nature  of  that  of  a  panihola,  and  would,  however, 
vary  slightlv  with  rach  change  of  the  load  or  draught  of  the  vessel  ; 
but  the  curve  of  a  circle  is  an  approximation  ne-ar  enough  for  practical 
purpo.scs,and  has  the  advantage  of  giving  niore  protected  sjiace  under 
the  shield  for  boilers  and  machinery,  and  less  room  alx»ve  it  for  water 
to  enter,  to  endanger  the  buoyancy  and  stability  of  the  ship  ;  where  it 
diverges  from  the  true  curve  it  is  in  the  most  advantage<nis  direction. 

Figure  2  represents  a  cro.ss  section  of  a  turreteil  vessel  having  ver- 
tical side  armor  and  horizontal  deck  plating,  l)eing  struck  by  a  projec- 
tile under  similar  circuin>tances  to  Fig.  1  ;  the  projectile  |K'netrating 
the  vertical  armor  and  impinging  against  the  under  ^uriac■e  (»f  the 
armored  deck,  is  deflected  downward  through  the  bott<»m  of  the  ve5<sel, 
passing  through  one  of  the  boilers  on  its  way. 

Figure  3  represents  the  plan  view  of  the  verticiil  l' turret  A,  (Fig. 
1)  and  Fig.  4  repr<^'sents  the  plan  view  of  the  cylindrii-il  turret  B  (Fig. 
2),  with  the  action  of  |»rojectiles  ujxm  the  same,  res|)ectively. 

The  portion  of  a  deflecting  shield,  of  any  form.  liable  to  Ix?  struck  at 
anv  given  instant  consists  ot"  a  zone<»t"  >mall  area  situat<tl  alM>ve.at,and 
very  slightly  Ik»1ow  the  mean  water-level.  This  small  imaginary  zone  is 
shifting  in  chaiacter,  and  on  a  curve<l  .shieUl  of  five  feet  risi',  extending 
four  feet  l>elow  and  one  foot  alx)ve  the  water-line,  it  would  probably 
be  about  18"  in  height.  The  curved  shield  covers  the  entire  zone  of 
danger,  five  feet  in  height ;  and  this  smaller  zone,  consisting  of  the 
part  liable  to  1h'  .itruck  by  horizontal  fire  at  any  given  instiuit,  traverses 
the  larger  zone,  more  or  less,  accoitling  to  the  oscillatit)ns  of  the  vessel, 
and  protects  it  in  detail  by  constatJtly  presenting  u  gre:il  horizontal 
thickness  of  armor,  with  a  very  acute  angle  of  incidentv,  and  a  ven>' 
largt  angle  of  clear.ince  to  the  p:iit  when-  tin-  va>t  majoriiy  of  >hot 
strike. 

Figure  5  represents  a  crt>ss  >ei'tion  of  a  cruiser,  and  thrtv  different 
forms  of  defiivting  shields,  numl>ei\>il  resjKvtively  1,  2  and  3.  They 
each  have  the  sune  immersion,  Iteing  sc«ure<l  to  the  .sides  of  tlie  vessel 
four  feet  below  the  water-lin«',  an«l  N«»s.  1  and  2  rise  one  ftK»t  al>ove 
it ;  but    the  angle  <»f  the  plane-.-idtnl   shield  No.  W  l>eing  e«]ual    to  the 
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ano;le  of  incidence  of  the  curved  shield  No.  2  at  the  water-line,  does 
not  carry  it  to  the  same  height. 

No.  1  is  the  plane-sided  shield  proposed  by  the  Naval  Advisory 
Board  for  the  cruiser  Chicago,  being  \h&  facsimile  of  the  official  draw- 
ing. This  shield  presents  so  large  an  angle  to  horizontal  shot  at  the 
water-line  that  it  will  afford  no  adequate  protection  with  the  light 
plating  of  H  inches  proposed.  Besides  presenting  too  large  an  angle 
to  give  protection,  it  also  weighs  considerably  more  than  Nos.  2  and  3. 

No.  2  is  the  curved  deflecting  shield— the  form  of  water-line  defence 
recommended  by  Act  of  Congress  of  August  5th,  1882,  authorizing 
construction  of  new  cruisers — conforming  in  cross  section  to  the  arc  of 
a  circle,  and  presenting  a  practically  constant  angle  of  impingement  to 
horizontal  fire  at  the  water-line  as  the  ship  rolls,  and  that  so  acute  as 
to  make  penetration  very  difficult  with  comparatively  light  plating. 

A  horizontal  shot  at  the  water-line  would  strike  the  curved  shield  at 
G;  as  the  line  /J"  is  tangent  to  the  arc  at  the  point  of  initial  impinge- 
ment, it  therefore  represents  the  angle  of  the  same. 

The  fact  being  that  more  shot  Avould  strike  the  curved  shield  above 
the  water-line  than  below  it,  it  is  therefore  making  a  concession  to  take 
G  as  the  average  angle,  as,  practically,  the  mean  angle  would  be  much 
less ;  and  it  should  also  be  remembered  that  G  is  the  initial  angle  of 
impingement,  which,  owing  to  the  curved  surface,  rapidly  diminishes 
as  the  shot  glances  along  the  plate.  Such  a  curved  shield  would  there- 
fore possess  a  much  greater  deflecting  efficiency  than  a  plane  sided  one, 
presenting  the  same  angle  of  impingement,  like  Nos.  1  and  3,  the 
angles  of  which  would  not  decrease  as  the  shot  glanced  along  their 
surfaces,  but  would  be  liable  to  buckle  up  in  front  of  the  shot  and  be 
pierced  by  it ;  a  contingency  that  would  not  arise  with  the  curved 
shield,  presenting  the  same  angle,  as  the  shot,  owing  to  the  curve,  can 
much  more  easily  free  itself  from  the  surface  of  the  armor. 

Shield  No.  3  is  drawn  for  the  purpose  of  proving  that  it  is  impos- 
sible to  construct  a  shield,  having  plane  inclined  sides,  that  will  present 
so  acute  an  angle  to  horizontal  fire  as  the  curved  shield  No.  2 ;  or  that 
will  give  as  much  room  under  it  for  boilers  and  machinery  ;  or  that 
will  exclude  the  same  amount  of  Avater  from  the  part  of  the  vessel 
above  it ;  or  that  will  give  the  same  strength  and  stiffness  to  a  vessel. 

The  line  AE'  is  drawn  parallel  to  the  tangent  IT,  and  the  hori- 
zontal water-line  cuts  it  at  H.  As  the  line  AE'  is  drawn  parallel  to 
the  tangent  IT,  therefore  the  angles  G  and  T^are  equal.     And  as  this 
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anjfl*'  will  not  (iinv  tho  cniwii  of  tlio  plai)e-sided  shield  to  the  same 
li<Mt;lit  U.S  th(!  crown  <»f'  tiie  (  iirv<-<l  sliiehl,  the  |)Iane-side<l  .'^liield  will 
r((|iiire  a  j^rcater  aiifrlc  to  attain  the  siinc  height. 

Jt  will  he  apparent  that  the  enrved  shield  No.  2  contains  under  it 
the  .spare  reprcseiit*^!  hy  the  sej^nient  containMl  In'tween  the  are  AGE 
and  its  <-hord  AE' ,  in  addition  to  that  <'ontaine<l  iiixl.r  tht-  |tl:iii.->id«'<l 
shield  No.  .'i. 

Also  as  the  segment  is  above  No.  3  and  Iwlow  No.  2,  the  former 
will  admit  a  volume  of  water  into  the  ship  ahove  it,  (Hpial  in  crtjss 
section  to  the  area  of  the  segment  yl<^r'7:,M  A',  to  endanger  the  buoy- 
ancy and  stabilitv  of  the  v»s.«;cl,  which  the  round-up  of  the  curve<l 
shield  No.  2  wf»uld  exclude. 

The  <'urve<l  shield  No.  2  is  superior  in  the.>M'  |)artieulars  to  the  plane- 
sided  shield  No.  l.or  any  other  plane-sided  shield,  presenting  the  same 
angh',  that  can  be  constructed  : 

1st.  It  preseut.s  a  ujore  acute,  au<l,  pnu'ti(-illy,  constant  angle  of 
im|)ingemcnt  to  horizontal  tire,  and  one  that  with  a  lufHlerate  thicknesw 
of  plating,  if  >up|)lemente<l  with  coal  or  stores  in  water-tight  etmipart- 
ments  to  augment  the  defle<ting  et!iciency  and  exclude  water,  woidd 
aflbrd  a  verv  substantial  resistance  to  the  fire  <»f  heavv  guns,  while 
the  ])lane-sidcd  shield  would  allbrd  but  a  very  .small  m«u«ure  of  pro- 
tection. 

2(1.  The  plane-sideil  -hield  No.  1  would  weigh  eousidenibly  more 
than  the  curved  shield  No.  2,  and  would  encumber  a  ship  with  the 
weight  of  armor  without  giving  her  the  benefit  of  its  proti^tion. 

.'id.  The  <'urv(Ml  shichi,  if  anything  like  the  same  angle  «)f  im|>inge- 
metit  is  pn-sentnl,  will  ••ontain  nuich  more  r(K)m  under  it,  for  boilers 
and  machinery,  than  an  inclineil  plaiu'  shield,  and  i>  therof«)re  admir- 
ably a(loj)ted  for  light  draught  ves,-<els  intended  for  .st»rvice  in  thcshi»:»l 
waters  of  our  .\tl:iMtic  and  (iulf  coasts. 

4th.  \\"\\\\  an  e(pi:d  angle  of"  itnpingement,  the  round-up  of  the 
curve<l  shield  would  e.\«'lu(le  a  largi' volume  of  water,  which  the  plan«'- 
sided  shield  would  permit  to  enter,  and  endanger  the  buoyancy  an«l 
stability  of  the  vessel. 

5th.  The  curve<l  shield  will  poss«\ss  a  much  greater  defltvting  efti- 
cicju'v  with  any  given  angle,  owing  to  the  fact  that  the  angh'  of  clear- 
ance is  a  constantly  increasing  one,  .so  that  proje«"tiles  which  would 
rea<lily  pierce  a  plane-sided  shicKl  can  \'xvc  themselves  t'n»m  the  surfai'e 
of  the  curvetl  -shield. 
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6th.  The  curved  shield,  tied  iu  by  the  cliords  of  its  arc  and  sup- 
ported on  lougitudinal  aud  transverse  bulkheads,  iu  combination  with 
the  ships  cellular  bottom  and  sides,  M'ill  give  a  vessel  an  efficiency  and 
strength  as  a  ram  that  is  unprecedented.  A  vessel  so  built  would  form 
a  scientifically  constructed  floating  girder,  having  such  rigidity  as 
would  permit  of  her  being  engined  with  the  highest  power.  The 
curved  shield  with  coal  or  stores  above  it,  to  augment  the  deflecting 
efficiency  and  exclude  water,  tliereby  serving  as  a  life-belt  for  the 
vessel,  would  make  a  ship  almost  unsinkable,  while  the  plane-sided 
one  would  be  such  an  element  of  weakness  that  a  vessel  fitted  with  it 
could  only,  with  difficulty,  be  kept  afloat  iu  action. 

In  regard  to  the  deflecting  efficiency  of  light  plates,  disposed  at  an 
acute  angle,  the  British  Admiralty  have  made  experiments  at  Ports- 
mouth within  the  last  two  years  for  the  purpose  of  testing  deck  armor, 
proving  that  a  two-iuch  iron  plate,  entirely  unbacked,  simply  supported 
on  beams,  disposed  at  an  angle  of  10°,  would  resist  the  penetrating 
power  of  the  18-ton,  10-inch  gun;  aud  that  iron  plates  of  three 
inches  thickness,  similarly  placed,  and  disposed  at  an  angle  of  15°, 
would  throw  off  shot  from  the  same  gun  discharged  from  a  distance 
of  100  yards. 

If  such  good  practical  results  can  be  obtained  from  iron  plates,  it  is 
reasonable  to  expect  that  a  much  greater  efficiency  can  be  derived  from 
homogeneous  steel  plates,  combining  hardness  with  toughness. 

To  determine  the  relative  deflecting  power  of  the  curved  and  plane- 
sided  shields  in  the  absence  of  any  very  extensive  experiments  on 
inclined  plates,  we  can  only  reason  from  results  obtained  with  vertical 
armor,  and,  hence,  to  form  a  fair  comparison  it  is  reasonable  to  suppose 
that  in  all  cases  the  velocity  of  the  shot,  resolved  in  a  direction  normal 
to  the  plates,  is  entirely  destroyed,  and  that  the  striking  force  in  each 
case  will  be  that  due  to  a  shot  of  the  same  weight  moving  normal  to 
the  plate  with  a  velocity  equal  to  the  normal  velocity  of  the  shot 
moving  obliquely  to  the  plate. 

The  penetrating  power  of  the  shot  being  measured  by  its  intrinsic 

2 

energy,  or  by  — '. —  ,  then,  on  inclined  plates  the  striking  force  would 

be  — '- ,  where  d  is  the  ano-le  between  the  direction  of  the  shot 

and  the  tangent  to  the  plate  at  the  point  of  contact. 

In  the  diagram,  Figure  6,  draw  the  tano-ent  to  the  curve  at  the 
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watJT  lino,  and  lay  (tff  on  tho  liori/ontal  lint*  a  distanfe  JO  to  rep- 
rewnt  i-^,  draw  ^1^ '  paniihl  an<l  0(  normal  to  the  tanj^i-nt  OT;  lav  ofl 
OB  ciiua]  to  OC',  drop  tlit*  p<  rpondindar  JiJ),  then  OD  will  inpial  r* 
-in'//,  //  lnin;r  tin-  anj^le  of"  inclination  of  the  tangent  to  the  horiz^m. 
l*ro<'»-<(rm^r  in  llir  sjinie  way  with  tin-  plan»'-**id«'<l  shield,  denoting  the 
cori'opondinjjj  lines  by  correspond inj^  letters,  O'J)'  will  e<pial  j*^  sinV/', 
\\\](vit  d' iH  tlie  angle  of  inelination  of  the  plane-sided  shield  to  the 
li<»ri/on.  The  striking  force  exerte<l  a<^.iinst  the  shiehls  res|>ectivc|v 
will  he  represente<l  hy  these  linf-s  ninltiplic<|  hy  the  saine  r-onstant,  an<l 
the  relative  protiftiot)  atf'ordetl  will  Ik*  inversely  as  the  line*,  or  as  ").4 
to  1  in  favor  of  the  cnrved  shield.  Hnt  when  it  is  taken  into  ctmsid- 
enition  that  the  cnrve<l  shield  allows  the  proje<tile  to  clejir  its«'lf  after 
striking,  hy  a  considerably  increjtsing  angle  «»f  cIcannuT',  ln'twt'en  the 
cnrve  OFuiui  the  tjingent  OT,  it  is  evident  that  this  rtitio  of  protection 
will  be  consideraly  incrcjtsiHl  in  favor  of  the  i-nrv*"*!  shield. 

The  other  rnetlio*!  of  c<»niparing  the  relative  etlicienev  of  the  two 
.shields  i.s  to  measure  the  metal  that  wouhl  have  to  l)e  dHplacvtj  to 
(•irc<t  pcnetnifion.  In  the  ease  of  the  curveil  shield  the  clistanee 
through  ir/i  is  d^\",  there  U'ing  l|g"  gn'ater  distan*-**  through  the 
metal  of  the  curveil  shield  than  through  a  plane-side*!  shield  present- 
ing the  sjime  angle.  The  distance  ///  through  the  metal  of  the  plane- 
side<I  shield  No.  1  is  oidy  3^". 

In  the  cjise  of  verticjil  armor,  e.xjR'Hence  has  demonstnitcnl  that  the 
energy  retpiired  to  pMietnite  plates  of  ditfen'nt  thickness  is  pm[K>rtionaI 
to  the  s(piare  of  the  thickness  (»f  the  plate;  atxi  rea'^>ning  from  this, 
we  are  leil  to  conclude  that  in  the  «-juse  of  incline<l  plati>s  it  will  varv 
Jis  the  square  of  the  distance  measurcti  through  on  a  line  making  the 
same  angle  with  the  plate  that  the  plate  makes  with  the  hori/on. 

Taking  the  shield  l>efore  mentioniHl,  the  distanct*  through,  as  mea.«- 
uretl  on  the  water-line,  in  tlu-  nise  of  shii'hi  No.  l,is  3|  induN,  and  in 
the  case  of  shield  No.  l\  the  distani*e  meiLsurcs  T^J  inoh«'s,  and  the 
efliciency  of  the  two  shieKls  wouhl  Ix*  <lire<'tly  as  the  stpninxi  of  tli<-s«' 
quantities,  or  as  1  to  'r\.  Hut  as  the  curved  shield  atVords  a  gn-.iier 
distantH'  thntugh,  and  allows  the  shot  in  glancing  to  clear  it.solf  more 
readily  than  a  j)lan«'  shield,  it  will  Ih«  much  more  efficient  tlian  the 
above  j)ro|M>rtions  show. 

Notwithstanding  the  fact  that  the  great  superioritv  of  the  cunf^l 
shield  over  the  plane  «-an  U^  pn)vetl  by  unanswerable  mathematical 
denumst rations,  Lieutenant    Verv,  a   meml>or  of  the   Naval    A<lvi<^•^^• 
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Board,  in  his  able  and  interesting  article,  "  The  Development  of 
Armor  for  Naval  Use  "  (No.  25,  Proceedings  U.  S.  Naval  Institute), 
takes  peremptory  ground  in  favor  of  the  plane  over  the  curved  shield ; 
but  I  propose  to  show  that  both  his  premises  and  conclusions  are 
erroneous. 

On  page  527  will  be  found  this  statement  in  reference  to  the  com- 
parative merits  of  the  two  shields  :  "  In  the  United  States  it  has  been 
made  a  matter  of  much  discussion  whether  this  alteration  from  a 
curved  to  an  angular  disposition  is  an  improvement,  or  a  step  back- 
ward. It  seems,  however,  to  be  easily  susceptible  of  proof  that  the 
angular  arrangement  presents  most  decided  advantages."  Upon  the 
same  page  is  the  diagram  Fig,  8,  representing  a  curved  and  a  plane 
shield  on  the  same  cross  section,  with  the  outline  of  a  boiler  jK"in  position 
under  them,  for  comparison.  The  top  of  the  plane  shield  is  repre- 
sented as  entirely  below  the  water  line,  while  the  crown  of  the  curved 
one  rises  far  above  it;  but  fairness  of  comparison  in  boiler  capacity, 
under  the  two  shields,  required  that  both  should  have  been  given  the 
same  vertical  height. 

A  casual,  or  an  unscientific  reader,  from  "a  great  respect  for  official 
utterances,"  might  give  this  unqualified  claim  of  "most  decided  advan- 
tages "  of  the  plane  over  the  curved  shield,  its  face  value,  but  a  critical 
examination  of  the  diagram  with  its  explanatory  context  will  show 
the  claim  to  be  unfounded.  It  is  generally  true  that  any  theory  is 
"easily  susceptible  of  proof"  whore  its  advocate  is  allowed  to  make 
his  own  premises,  but  Lieutenant  Very  has  failed  even  to  draw  correct 
conclusions  from  his  voluntary  assumptions. 

The  only  special  advantage  claimed  by  Lieutenant  Very — with  the 
aid  of  his  incorrect  diagram,  which  can  be  conceded — is  a  very  slight 
decrease  of  angle  of  the  plane  over  the  curve  at  the  point  D  four  feet 
below  the  water  line,  where  projectiles  virtually  never  strike.  But 
when  it  is  considered  that  this  slight  disadvantage  for  the  curved  shield 
at  the  point  mentioned,  is  accompanied  by  a  corresponding  decrease  of 
the  angle  of  curve  over  the  plane  at  the  top  of  the  shield,  where  essen- 
tially all  projectiles  do  strike,  this  very  slight  advantage  is  conceded, 
admitting  for  this  argument  Lieutenant  Very's  delusive  diagram.  I 
am  not  advocating  protection  to  that  part  of  a  ship  where  it  is  prac- 
tically invulnerable  to  shot. 

There  have  been  winds  so  fierce  as  to  destroy  the  strongest  structures 
on  shore^  and  there  have  been  storms  so  violent  as  to  founder  the 
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staiMK'hest  ships  at  .>*ea,  and  lifrlitniug  so  |x»werfnl  as  to  make  >jK»rt 
and  I'l-agnients  of"  eitlier.  Ajj;ain.>^t  such  unusual  incidents,  inten.se  as 
is  the  love  of  life,  it  ha.s  not  Ix^en  within  the  power  of  human  thought 
adequately  to  provide.  If  men  should  seek  to  <lo  it  they  would  never 
build  sliips  nor  houses,  hut  live  in  rA\i!>,  an<l  then  not  Ix;  al>s<jlutely 
HJife  from  flics*-  immcasurahle  and  irrcsistildc  fore*;^.  Such  dangers  are 
the  inevitable  risks  of  our  living  at  all,  and  we  build  ships  and  go  to 
Hi'A  in  them,  and  build  houses  and  live  in  thrm,  and  takes  these  risks 
and  we  would  be  mere  .sjivagts  if  we  <lid  not.  In  this  caitegor>'  of 
extremely  improbabh;  chances  would  come  the  IikelilnMKl  of  a  ship 
being  struck  by  a  projectile  four  feet  below  the  water  line  during  an 
engagement.  Such  a  thing  nuiy  hap{K'n,  but  experience  shows  that 
it  is  no  more  likely  to  occur  than  than  the  disasters  of  nature  men- 
tioned above. 

Lieutenant  Very  quotes  the  gcmiMtricjil  axiom, '•  a  -tniight  line  is 
the  shortest  distance  between  two  |M>ints,"  a  truth  which  no  one  will 
di.spute,  but  what  application  it  has  to  the  question  at  i.ssue  is  not  so 
clear;  a.s  the  <»utlinc  of  the  jdane  shield  is  not  n'pn^^entnl  bv  a  single 
.straight  line,  but  of  three  straight  lines  with  eonsiderabk-  angli-s  at 
their  points  of  intersection,  and  any  (me  can  see  by  referring  to  Fig.  5, 
that  the  arc  of  a  circle  reprcsinting  the  outline  of  a  eurve«l  shield 
would  1)6  of  le.s.s  length  than  the  three  lines  representing  the  plane- 
sidetl  shield,  and  that  a  curveil  shielil  would  weigh  less  than  a  plane- 
sided  one  of  equal  height. 

If  the  curved  and  plane  shields,  represinted  in  the  diagram  on  jmge 
527,  were  corn-t-tly  shown  ;ls  of  »'<|ual  height,  the  advantjige  in  weight 
would  be  in  favor  of  tlieeurved;  Imt  the  advt)cat€8  of  the  plane  are 
welcome  to  the  infinitesmal  advautiige  in  this  respect  apiKirentlv  obtainetl 
by  the  diagram. 

This  drawing  also  contains  the  outline  of  a  lH)iler  A'in  position  under 
the  shields,  and  the  statenient  has  been  made  by  memljers  of  the 
Naval  Advisory  Board  that  the  curve<l  shieltl  will  ni»t  cover  as 
great  a  height  of  Uiiler  as  the  plane-sidinl  one.  This  as.sertion  is 
also  incorrect,  as  an  inspection  of  the  diagram  will  show.  If  the 
boilers  are  set  closr  out  agjiinst  the  side  of  the  v«sel,  no  a«lvantage 
whatever  in  height  of  protectetl  spuv  would  l>e  obtaineil  bv  the 
curved  shield,  as  the  top  of  the  boilers  woidd  have  to  be  plaecni  niore 
than  four  feet  below  the  water  line,  the  same  lus  when  placetl  beK»w  a 
flat,  under-water,  armoreil  deck,  similar  to  that  of  the   C'omiw  class. 
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The  top  of  the  shield  being  placed  below  the  water-line,  if  the  sides 
of  the  vessel  should  be  penetrated,  then  when  the  water-excluding 
stores  are  exhausted  from  the  compartments  above  it,  the  Comus  flat- 
deck  would  permit  water  to  flow  in  and  sink  the  vessel.  The  top  of 
the  shield  should  rise  somewhat  above  the  water-line  in  order  to  give 
the  vessel  a  margin  of  buoyancy  independent  of  the  water-excluding 
stores. 

If  the  boilers  are  placed  part  way  out,  in  the  position  shown  on  the 
diao-rara  Fig.  8,  only  a  small  measure  of  protection  is  obtained  by  the 
shield,  owing  to  the  large  angle  of  incidence  presented  ;  and  if  they 
were  placed  all  the  way  out  at  the  same  height,  the  shield  would 
degenerate  into  vertical  armor. 

But  any  one  can  see,  by  referring  to  Fig.  8,  that  if  the  boilers  are 
placed  in  their  proper  position,  in  the  centre  of  the  vessel,  the  curved 
shield  there  represented  will  cover  a  much  higher  boiler  than  the 
plane-sided  one. 

Ijieutenant  Very  should  not  object  to  his  own  diagram  proving 
more  than  he  intended,  for  it  only  siiows  that  in  its  construction  he 
built  wiser  than  he  knew. 

Such  a  disposition  of  the  boilers  will  give  the  following  advantages 
over  that  shown  in  the  diagram,  viz.,  it  will  admit  of  a  central  longi- 
tudinal bulkhead,  dividing  the  under-water  body  into  water-tight 
compartments,  a  device  with  which  all  large  vessels  should  be  provided  ; 
it  afl'ords  greater  safety  to  the  bond's  from  the  attack  of  torpedoes  and 
rams  in  time  of  war,  and  danger  from  collision ;  it  enables  the  firemen 
to  obtain  coal  from  side  bunkers,  or  chutes  from  compartments  above, 
directly  in  front  of  their  furnace  doors. 

The  greater  height  of  protected  space  in  the  centre  of  the  vessel 
afforded  by  the  curved  shield  could  be  made  available  either  by  arrang- 
ing the  boilers  with  side  fire-rooms,  for  which  there  is  ample  room,  or 
by  disposing  them  with  athwartship  fire-rooms. 

A  large  proportion  of  the  coal  and  stores  should  be  carried  in  the 
compartments  above  the  shield,  to  augment  the  deflective  efficiency 
and  exclude  water,  the  effect  on  the  stability  of  the  ship  being 
compensated  for,  when  occasion  requires  it,  by  the  admission  of 
water  to  the  double  bottom.  This  would  allow  nearly  all  the  space 
under  the  shield  to  be  utilized  for  boilers,  machinery  and  magazines, 
with  passages  from  the  same  to  the  different  guns.  The  stout  tubes  for 
training  the  vertical  V  shields  by  power  applied  beneath  the  curved  shield, 
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also  serve  a.s  conduits  for  «(»iiveyiug  arniiiiitiitioii  (lin-<-tIy  to  the  breech 
of  the  guns.  By  this  iiH*an.s  all  c.xjMisiirr  of  iiicn  l)y  the  trdns|Kjrtation 
of  amtiiunition  ahmg  the  open  (h-i-k  is  avoiih**!. 

Lieutenant  Very  makes  the  foUowing  statement  on  pa^  529  ;  "  It 
ha.s  l)e<'n  shown  heretofore  tliat  a  thickness  of  armor  for  the  .•^hiehl  of 
less  than  four  inches  am  scarcely  l>e  dej)en»le<l  on  at  a  gi-eater  angle 
than  20°.  The  average  angle  net-essart'  for  this  .shield  is  from  22*^  to 
28°."  Th(!se  statements  are  strictly  true,  yet  he,  witlj  a  knowletlge  of 
these  fact.s,  jls  a  member  of  the  Naval  A<lvi.s<jry  Itoanl  |)roj)ose<l  to 
apply  H"  thickness  of  plating  to  all  the  new  ships  in  the  form  of 
plane  shields  disposed  at  angh>s  of  27°  and  28°,  liaving  a  horizontal 
thickness  of  only  .'>|",  while  a  curvwl  shichl  of  considerably  less 
Aveight,  covering  boilers  of  e<jual  height,  would  prtrsent  and  angle  of 
only  13°,  and  a  horizontal  thichness  at  the  water-line  of  9^^",  which 
■would  afford  eight  times  the  resistance  of  the  plane. 

An  e.vamination  of  the  next  stiitement  on  page  520  proves  it  to  \ie 
"widely  incorre<'t  ;  "  Where  a  two  in<'h  (Kn-k  curvul  with  a  singh-  ra<Iiiis 
is  put  in,  the  same  weight  would  allow  with  the  chonl  disfM^sition,  4 
inch  plates  on  the  side  chords  and  \\  inch  on  the  dead  flat."  Taking 
th<'  crui.ser  ( 'hii-iir/o,  the  ship  of  great«-st  lM':im,  and  therefore  the  one 
most  favorable  for  the  above  hyjwthesis,  we  find  the  area  of  tlie  flat 
top  is  not  more  than  one-eighth  greater  than  the  area  of  the  side  planes. 
It  would  therefore  Ik-  impossible  to  increa.s«'  the  thickness  of  the  side 
planes  more  than  J  of  an  inch  by  taking  a  half  inch  from  the  flat  top, 
although  tw(»  inches  are  clainKnl  by  Lieutenant  Very.  In  the  ships 
of  less  lH>jim,  lioston  and  Atlanta,  a  half  inch  taken  from  the  flat  top 
would  not  increase  the  thickness  of  the  side  plants  :ls  much  a.s  ^  of 
an  inch. 

If  the  thickness  of  the  sidi-s  of  the  plane  shield  itm  Ik-  augnientetl 
at  the  e.xjK'nseof  the  top,  so  likewise  c:in  the  sides  of  thecurveil  shield 
be  increasetl  in  thickness  at  the  expense  of  the  top,  by  the  applic:»tion 
of  taj)er  plates;  it  is  therefore  not  worth  while  to  take  this  f«iture  into 
consideration  when  comparing  the  merits  of  the  two  shields. 

Lieutenant  W'ry  siiys  on  |mge  527  :  *'  The  shieKl  ha-*  now  Ixx^une 
universiUly  riMsignizetl  as  a  necessary  attiichment  to  all  vessels,  Ixith 
armortnl  and  unarmoreil  ;"  mejining  of  c»)urs«^  the  plane-sided  form, 
to  which  he  appears  to  Ih'  p«'<'uliarly  atta«heil,  an<l  on  p:vge  524  he 
hiys  great  stress  u|>on  the  im|H)rtance  of  having  the  shield  ir<// xii;>- 
portfd  a(/<nn.»t  ffe.run;  a    jK)int  well   taken,  and   I   will   ask  which  will 
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give,  and  which  will  require  the  most  rigid  support,  the  curved  or 
the  plane-sided  shield?  Undoubtedly  the  arched  curve  will  afford 
the  most  unyielding  support,  while  the  plane-sided  shield  not  giving 
so  much,  would  require  far  more  to  enable  it  to  deflect  projectiles,  as  it 
does  not  possess  the  angle  of  clearance  obtained  by  the  curve. 

In  a  plane  shield  of  such  light  plating  as  1|",  disposed  at  so  large 
an  angle  as  27°,  the  resistance  would  be  so  small  in  comparison  to  the 
power  of  the  guns  likely  to  be  brought  against  it,  that  the  full  effect 
of  the  horizontal- distance  through  the  plating  would  not  be  obtained; 
as  the  tendency,  in  such  cases  of  disproportioned  resistance  to  projec- 
tile force,  is  for  the  shot  to  turn  in  a  direction  normal  to  the  surface  of 
the  plate ;  the  reason  of  this  is,  as  the  projectile  passes  through  the 
plate,  there  is  a  less  thickness  of  metal  under  it  than  there  is  above  it, 
and  it  follows  the  line  of  the  least  resistimce  ;  even  light,  at  its  immense 
velocity,  follows  the  same  general  law ;  therefore,  such  a  weak  shield, 
aside  from  its  affording  no  adequate  protection,  would  be  a  positive 
source  of  danger  in  itself,  from  the  downward  deflection  of  projectiles, 
while  a  curved  shield  of  e<[ual  thickness  and  less  weight,  presenting  a 
much  more  acute  angle  of  incidence,  with  a  constantly  increasing  angle 
of  clearance,  would  invariably  defl(H3t  shot  upwards. 

Figure  5  is  a  fair  and  correct  diagram  for  comparing  the  merits  of 
the  curved  with  the  plane-sided  shield,  as  both  are  of  the  same  height, 
each  being  secured  to  the  sides  of  the  vessel  four  feet  below  the  water 
line,  and  rising  one  foot  above  it. 

With  such  a  curved  shield  as  No.  2,  Fig.  5,  of  two  inches  thickness 
of  plating,  the  horizontal  distance  through  the  plating  ^n  the  water 
line  would  be  12-2.j",  and  the  angle  presented  at  the  same  point  would 
be  13°,  while  the  horizontal  distance  through  a  plane-sided  shield 
similar  to  Xo.  1,  Fig.  5,  of  the  same  thickness  of  plating,  would  be 
4'33",  and  the  angle  presented  would  be  27°.  This  angle  would  of 
course  be  the  same  at  all  depths,  and  would  be  the  average  of  the 
angles,  in  all  positions,  which  would  sometimes  be  greater  and  some- 
times less,  as  the  vessel  rolled. 

The  horizontal  angle  of  incidence  of  the  curve  would  be  practically 
constant  in  all  positions,  and  tiie  horizontal  thicknesses  of  plating,  and 
ratios  of  superiority  of  the  curve  over  the  plane  at  different  points  of 
immersion,  would  be  as  follows,  viz : 


[Jourii"!  "f  ""■  franklin  limtllutf,  lot.  r^r'ii.,  .Tannart/,  tSS4.] 
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Horizontal  .Superiority 
tliieknesB.              of  ciir\e  over  plane. 

6"  above  water  line IS'o"  17-72  to  1 

water  line 12-2o"  8  to  1 

V/'  helow  water-line 9"  4-32  to  1 

12"  below  water-line 7-75''  3-20  to  1 

18"  below  water-line 7"  2-61  to  1 

24"  below  water-line G-2.5"  2-OH  to  1 

30"  below  water-line o'o"  161  to  1 

36"  below  water-line...... .5-25"  1-47  to  1 

42"  below  wattr-iine ."/'  1-32  to  1 

48"  below  water-line 4-75"  1*20  to  1 

From  the  above  list  of  horizontal  thiekne&ses  of  plating,  and  ratios 
of  resistance  at  different  depths  of  immersion,  it  will  l)e  .seen  that  one 
of  the  cliief  merits  of  the  curve  is  that  it  keeps  its  greatest  angle  and 
lea.st  horiz(jntal  thickness  of  plating  .safely  submerged  at  a  considerable 
depth  below  the  water  line,  where  shot  cannot  strike  it;  but  where 
protection  is  mo^t  nnjuired,  the  curved  shield  gives  the  greatest  thick- 
ness of  plating,  the  mo.st  acute  angle  of  incidence,  and  the  largest  angle 
of  clearance,  automatically  adju.sting  the  .same  as  the  ves.sel  rolls. 

A  curvetl  shield  of  two  inches  in  thickness,  presenting  an  angle  of 
13°  at  the  water  line,  and  a  horizontal  distance  through  the  j)hiting  of 
12'25",  would  give  double  the  resistance  of  a  j)lane-sided  shield  of  4" 
thickness  presenting  an  angle  of  27°,  and  having  a  horizontal  distance 
through  the  metal  of  8"G6",  as  the  squares  of  these  numbers  would  he 
150  and  74'99,  or  a  ratio  of  2  to  1  in  favor  of  the  curve,  omitting  the 
advantage  of  the  large  angle  of  clearance  attbrded  by  the  curve  ;  which 
also  applies  to  all  the  ratios. 

(To  be  continued.) 


Circulation  of  Solar  Energy. — M.  Duponchcl  calls  attention 
to  a  work,  printed  in  January,  1882,  in  which  he  .stateil  that  the  actual 
facts  of  science  in  reg:u-d  to  the  nature  of  light,  heat,  electricitv  and 
magnetism  testify  to  the  absolute  conservation  of  the  living  force  which 
is  manifcstetl  under  divers  forms  of  motion.  Many  vwirs  ago  he  tried 
to  explain  how  the  compen.siitions could  be  etfecteil,  which  are  neccss;irv 
to  maintain  the  energy,  and  how  the  heat  which  is  emitteil  um  return 
to  the  focus  of  tleparture,  forming  a  clo.-^cil  current  and  a  continuous 
circulation,  analogous  to  that  which  results  from  the  action  of  the  heart 
upon  the  movements  of  the  bl»KMl.  The  views  which  have  latelv  l)een 
published  by  Siemens,  have  iiuluceil  him  to  undertake  a  maihematictil 
discussion  of  the  question  and  to  confirm  tiie  results  of  his  thmrv  bv 
fads  of  observation. — Rev.  Si-ieutif.,  Jan.  27,  1883.  C. 
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ECONOMY  OF  COMPOUND  ENGINES. 


By  William  Dexnis  Marks, 

Whitney  Professor  of  Dynamical  Engineering,  University  of  Pennsylvania. 


The  limits  of  profitable  expansion  are  quite  narrow,  without  the 
necessity  arising  of  making  assumptions,  which  may  or  may  not  be 
true,  as  regards  condensation  and  re-evaporation  of  the  steam  used, 
and  this  statement  is  quite  true  therefore  as  regards  a  perfect  gas 
expanding  according  to  Marriotte's  law. 

Leakage  aside,  Mr.  Hill's  experiments  would  seem  to  prove  that  in 
the  foremost  types  of  simple  engines  at  least  one-fifth  of  the  heat  of  the 
steam  used  does  not  appear  on  the  diagram  either  as  work  or  as  steam 
heat  voided  at  end  of  expansion. 

That  a  fair  comparative  test  has  ever  been  made  between  single  and 
compound  engines  under  the  imperative  condition  as  to  proper  load 
and  steam  pressure  the  writer  thinks  is  doubtful,  since  compound 
engines  are  almost  always  given  higher  steam  pressures  and  lighter 
comparative  loads  than  single  eugines. 

The  advantage  of  the  compound  engine  must  lie  in  its  lesser  con- 
densation alone,  other  things  being  equal,  and  this  diminution  of  con- 
densation must  compensate  for  the  increased  quantity  of  machinery 
demanded  before  we  begin  to  consider  its  superiority. 

This  point  must  be  considered  experimentally  by  a  careful  deter- 
mination of  the  ratio  of  the  actual  to  the  indicated  steam  and  heat. 

For  the  purpose  of  gaining  a  clear  general,  but  not  very  exact  idea, 
let  us  assume  a  perfect  gas  expanding  according  to  Marriotte's  law  fed 
to  a  pair  of  compounded  cylinders  at  a  given  initial  pressure  P^  and 
exhausted  against  a  back  pressure  B  outside  of  the  cylinder.  AVhile 
these  assumptions  will  not  perfectly  fulfill  the  conditions  of  steam,  the 
results  obtained  will  serve  as  a  guide  in  the  use  of  steam  and  by  proper 
modifications  can  be  applied  to  the  steam  engine  itself.  When  steam 
is  used  the  high  initial  temperature  of  the  steam  is  communicated  to 
the  walls  previously  at  or  above  the  temperature  of  exhaust  by  means 
of  the  condensation  of  the  steam  which  results  in  the  water  ready  for 
re-evaporation  at  the  instant  of  any  diminution  of  pressure.  That 
part  of  the  cylinder  walls  subjected  to  initial  steam  being  hotter  than 
the  expanded  steam  gives  the  steam  this  heat  very  readily  which  goes 
for  the  twofold  purpose  of  recreating  steam  and  of  warming  up  to  the 
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temperature  of  the  steam  the  gnuhially  uncovered  walls  of  the  o\  lindc  r- 
which  are  at  the  temperature  of  the  exhaust  or  perhaps  alx)ve  it. 

These  exchanges  go  ou  with  a  celerity  not  csisily  apj>rehende<l  with- 
out thoughtful  consideration  of"  the  great  weight  of  iron  in  the  steam 
cylinder  and  its  conductivity  for  heat  as  compared  with  the  relatively 
excei^lingly  small  weight  of  steam  and  water  at  the  temperature  of 
evaporation  which  enter  and  leave  the<ylinder  at  each  stroke. 

Theories  to  the  contrary,  notwithstiuiding,  it  would  it  seem  a-s  if 
within  the  limits  of  economic  expansion  an  equilateral  hyj)erbola  repre- 
sents with  quite  as  great  approximation  as  any  other  curve  the  pressures 
of  expanding  steiun  in  an  iron  (ylinder  steam-jacketetl. 

Fk;.  1. 
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Taking  then  a  {)erfect  gius  as  our  starting  point.  Assuming  :ls  the 
simplest  case  two  cylinders  with  cranks  180  degrees  apart 

Let  T'^  =  the  true  volume  of  the  non-condensing  cylinder](including 
one  of  its  clcjirances  k)  up  to  its  valve  face. 

[jct  V^  =  the  volume  of  the  connecting  channels  (and  rei^eiver,  if 
there  is  one)  from  valve  face  to  valve  face. 

T^'t  T'^  =:  the  true  volume  of  the  condensing  cylinder  (including  one 
of  its  cleanincvs  A*,)  up  to  its  valve  face. 

Let  €  =  the  true  cut-off' of  the  non-coutlensing  cylinder. 

Ijct  /\=  the  initial  ])rej<sureof  the  non-condensing  cylinder.  I'ounds 
per  square  inch  al»s. 

Let  fj  =  the  true  cut-otVof  the  condensing  cylinder. 

Tx't  ^  =  the  back  pressure  of  the  condensing  cylinder.  Pounds  |>er 
square  inch  ahs. 
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After  a  compound  engine  luis  attained  its  regular  work  it  has  attained 
such  a  pressure  P^  in  the  receiver  (the  word  receiver  will  be  used  to 
comprise  all  pipes,  steam-chest,  etc.,  that  may  be  between  the  two 
cylinders,  wliether  there  be  a  specially  designed  receiver  or  not)  as  will 
enable  the  condensing  cylinder  to  void  the  same  weight  of  vapor  at 
eiich  .stroke  as  is  received  by  the  non-condensing  cylinder  at  each 
stroke,  and  we  can  therefore  write  the  equation 

P,  =  '-?^  (1) 

The  pressure  P,  is  that  occuring  at  the  exact  moment  when  the  port 
to  the  non-condensing  cylinder  is  closed,  and  when  the  piston  head  of 
V^  is  at  a  distance  c,  from  the  beginning  of  its  volume.     (See  Fig.  1.) 

The  absolute  mean  pressure  pressing  forward  upon  the  non-condens- 
ing piston  head  can  be  written 

eP,  [l  -f  nat.  log.  ^]  —PJc  (2) 

At  the  moment  of  the  closing  of  the  steam  port  T'^.  the  pressure  P^ 
exists  in  all  three  divisions,  pressing  forward  in  F„  upon  the  piston 
pressing  backward  in   T'^  upon  the  j)iston. 

The  backward  pressure  u})on  the  piston  of  F„  ctui  now  be  calculated 
from  the  beginning  of  stroke  to  e^. 

P,  [(1-.,+^)  KH-  \\+e,  T;]  =  P,  [{\-x+h)  F„+  V,+x  FJ 

Therefore  the  mean  back  pressure  absolute  upon  the  non-condensing 
piston,  while  the  two  pistons  proceed  in  opposite]directions  through  a 
fraction  of  the  volume  (f,  —  k)  is 

P.[(l-^.+^)T;+n-fe.n]  ^^.^^   ,       (l+^)F„+  VMV-V.)e.  /3^ 

This  is  also  the  forward  pressure,  absolute,  upon  the  piston  of  the 
condensing  cylinder. 

When,  now,  the  port  of  the  condensing  cylinder  is  clo.sed,  the  two 
pressures  part  company,  the  back  pressure  in  the  non-condensing  cylin- 
der rising,  and  the  vapor  in  the  condensing  cylinder  expanding,  and 
its  pressure  falling. 

Let  us  consider  first  the  back  pressure  in  the  non-condensing  cylin- 
der, while  the  piston  moves  through  the  fraction  of  the  stroke  (1 — e,). 
We  can  write  the  following  equation  : 
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Therefore  wo  have  the  mean  ahsolute  back  pressure 

Secondly,  the  forward  expansion  pressure  in  the  condensing  cylinder, 
after  its  port  to  the  receiver  is  closed. 
We  can  write  the  following  equation  : 

Therefore  its  absolute  mean  pressure  is 

e,  P,  nat.  lo-.  ^  (5) 


Finally,  if  compression  is  used,  the  point  at  which  compression 
begins  being  the  fraction  h  of  the  volume  of  the  condensing  cylinder, 
we  have 

i>'[  1-6(1  -nat.  log.-  ^^)]  (6) 

We  can  now  write  the  expressions  for  the  mean  effective  pressure  in 
€i\ch  cylinder. 

For  the  non-condensing  (ylinder  we  have,  as  the  expression  for  the 
work  done  bv  it  in  one  stroke 

t;  {.r.  [i  .-  nat.  log.  ;]  _/u-Ml=fd:W:±^ 

nat.  log.   n+i;(l-i-^  I  (7) 

The  expression  for  the  work  done  by  the  condensing  cylinder  during 
one  sti'oke  is,  if  we  a.<sume  /;  =  k\ 

^.     f  Mizifdl^iii+IilfLii]  nat.  log. 

(i+A-)r„+T;+(r,-rj.,  ,^^^  j     i 

-^[l-6   (l  -.mt.  log.    ^;)]|  (8) 
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For  example : 

Let  Pfc  =  100  pounds  per  square  inch,  absolute. 

Let  T;  =  2,  F,  =  1  and  F,  =  8. 

Let  the  expansion  be  8  times.     We  must  then 

Let  e  =  J  and  e^  =  |. 

Let  k  =^  -^  and  l\  ==  -^  and  b  =  l\. 

Let  jB  =  3  pounds  per  square  inch,  absolute. 

From  equation  (1)  we  have 

P^  =  1^^  =  25  pounds  per  square  inch. 

Equation  (7)  will  then  give 
For  the  non-condensing  cylinder  2  {84-7— 10— 12-63— 14-46]  =  95-2 
For  the  condensing  cylinder        8  {   1263  +   8-66  —  2-7    1=148-7 


Total     243-9 

These  figures  give  the  ratio  of  the  horse-powers  of  the  two  cylinders. 
If  we  make  F  represent  the  area  of  the  piston  in  square  inches^ 


multiplied  by  the  length  of  stroke  plus  clearance  in  feet,  in  formulas 
(7)  and  (8),  we  have  at  once  the  work  done  in  one  stroke  by  each  cyl- 
inder from  these  formulas. 

That  is,  in  the  formula  for  the  horse-power 

PLAN 


{W)  = 


33,000 


(9> 
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We  have  the  jinnhirt  of  the  factorK  P.L.A.,  and  m-etl  only  to  niul- 
ti[)lv  this  \)V  .V(tlM*  mimlH-r  of  >troko  |«r  minute)  and  t<i  divide  hy 
3.'i,')0U  in  order  to  ol)tain  the  iii(lie:ited  hors4'-|x»\ver. 

Fig.  2  repres^Tits  the  eonihined  «liagranw  of  non-<'on<lensing  an<l 
oon(U'nsing  cvlinjh'i-s  for  the  exaniph-  hiid  down  t<»  the  >jime  Kiile^ 
l)eing  a  grapliit-al  .solution  of  the  prohkni  already  analytieidiv  xiIvjhI 
for  a  perfect  gas. 

No  exphmation  is  given,  as  it  i.s  but  an  extende<l  application  of  the 
ordinarv  inetlifnl  of  laying  down  a  true  hyperUda  on  a  diagram,  and 
therefon-  familiar  to  all  engine<-rs. 

A  little  trouijie  will  enahle  a  eompari.son  of  all  the  expan.sion  curves 
of  indicator  diagrani.*^  from  comj>onnd  engines  with  the  i.sothermal 
curve. 

The  mean  effective  pressures,  as  taken  from  the  diagram,  will  l)e 
found  to  excfH-d  the  calculate<l  pressures  in  the  analyticnd  solution, 
bocjiuse  the  true  volume  of  the  cylinder  exceeds  the  volume  through 
which  the  piston  swecjw  by  the  amount  of  the  clejinmce  at  one  en<i. 

This  fact  should  \>e  borne  in  mind  in  using  the  analytical  metlKxl. 

The  idtimate  expansion  by  pressures  is 

That  is  to  say,  it  i>  theoretically  ijiiite  inde{)endent  of  the  volume  of 
the  receiver,  as  al.>*o  of  the  |)oint  of  cut-off  in  the  condensing  lylintler. 

If  we  fix  th«'  ultimate  expansion  E  of  the  steam  and  th<'  |M>int  of 
cut-off  in  the  noiwondensing  cylinder  we  at  omv  iletermine  the  ratio 
R  of  the  volinnes  of  the  two  cylinders 

R  =  E^=   ^'  (11) 

In  tlu'  |irol»lem  stated  already  K  =  s  and  » =  i 
Therefore  R=-l'=4 

Tlii<  result  is  (piite  inde|)cndcnt  of  any  other  considerations  in  the 
case  of  hyperlH)lic  expan.-ion. 

*  It  would  a|)|H^ar  probable  that  an  expansit>n  greattT  than  8  to  10  is 
not  aimmercially  profitable  in  single  engines  in  iron  cylin«lers  where 
steam  is  usixl.  and  conilensed  afierwanls. 

*  See  JoiR.  Fraxkmn  Ixst..  l)w  ,  1883. 
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The  English  rarely  exceed  a  ratio  of  volume  R  for  the  two  cylinders 
greater  than  4  and  sometimes  go  as  low  as  2.  We  are  obliged  to  look 
to  them  for  precedents  because  of  their  practical  monopoly  of  com- 
pound marine  engine  building  for  the  United  States. 

Equation  (11)  becomes  between  these  limits 

R       2,   4 

e  =  —  =  _  to  - 

jE       8      8 

That  is  to  say  with  the  ratio  of  cylinders  of  from  2  to  4  and  with 
the  expansion  limited  to  8  times,  the  true  cut-off  in  the  non-condensing 
cylinder  should  vary  between  ^  and  ^  only. 

If  we  make  e  =  f  for  a  plain  slide  valve  and  adhere  to  8  expan- 
sions of  the  steam  we  have  R  =  5^. 

If  we  make  the  cylinders  of  equal  size  the  cut-off  would  be  ^  and 
the  work  could  all  be  theoretically  better  done  by  one  cylinder. 

The  question  of  whether  or  no  the  lesser  variations  of  temperatures 
in  the  use  of  two  cylinders  results  in  greater  economy  of  steam  could 
be  finally  set  at  rest  by  a  careful  series  of  experiments  on  such  an 
engine. 

For  a  simple  engine  we  have  the  following  temperatures  in  the  one 
cylinder  which  is  worked  for  one  stroke. 

Temperature  of  the  boiler  down  to. 

Temperature  of  the  terminal  pressure  down  to. 

Temperature  of  the  condenser. 

C  Temperature     of     boiler 

^  J      •  down  to 

(  non-condensmg     rp.  .  r  .        •     i 

=•  )  lemperature  oi  termnial 

in  compounded  cylinders.  <(  (^     pressure . 

I  r  Temperature  of  terminal 

^condensing.        <       pressure  down  to 

(  Temperature  of  condenser. 

The  same  engine  should  be  used  for  both  experiments,  care  being 
taken  to  prevent  the  idle  cylinder,  which  should  not  be  disconnected, 
from  having  other  than  frictional  resistance. 

Where  the  net  instead  of  the  indicated  horse-power  is  to  be  deter- 
mined the  idle  cylinder  must  be  disconnected. 

The  experiments  should  answer  this  question  : 

What  ratio  exists  between  the  steam  from  boiler  and  the  steam  by 
indicator  ?     First  for  the  simple  engine.     Second  for  the  compounded 
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cylinders.  Also  the  same  for  heat  units  as  shown  alxjve  in  tabulate*! 
results. 

TJie  engine  to  have  the  sjime  piston  speed,  initial  pressure  and  load 
in  both  cases. 

We  can  assume  that  E  the  measure  of  the  ultimate  expansion  is  a 
<'ontrollin^  considenition  as  determining  the  economy  in  the  use  of 
steam.  R  is  often  fixj-d  from  j>n'<rdcnt  or  may  Ix-  dctermineil  by  the 
limitations  of  the  valve  used. 

Bv  making  the  resjK-ctivc  lengths  of  VDJnrne  of  the  two  cylinders 
(their  diameters  being  the  same)  pro|)ortional  to  their  |K)\vcr,  the  stresses 
will  be  equalized  on  the  crank  pins. 

If,  however,  we  assume,  a*<  is  generally  the  case,  that  the  strokes  of 
the  two  (-ylinders  are  eijual.  that  the  highest  safe  pressure  attainable 
will  l«!  usetl  in  the  boilers,  and  that  the  ultimate  exjvansion  of  the 
steam  will  not  excee<l  S  nr  ](i  times,  we  have  left  for  variation  only 
the  j)oint  of  eut-of!'r  of  the  non-eon<lfnsing  cylinder,  the  j>oint  of  eut- 
oll' r,  and  the  capacity  of  the  re<'eiver  I  ,.  and  the  relative  eapaiitits  of 
the  two  cylinders. 

If  the  receiver  be  considertnl  it  is  obvious  that  the  ordy  result  of 
increasing  its  proportions  is  to  dirrease  the  \un\\\  pri'ssure  of  thest«im 
against  both  pistons  up  to  the  point  of  eut-otfr,  of  the  condensing 
<'y  Under. 

This  will  decrea-^e  the  |M>werof  the  conden-ing  rvlin.li-r  ami  iin-n-a-^' 
the  power  of  the  non-conden>ing  cylinder  up  t«)  the  |)oint  of  cut-otV  «•,. 

•After  steam  is  i-nt  olV  in  the  ii(»n-ct)ndensing  cvlinder  the  IwK'k 
pressure  is  not  so  rapidly  i*aise<l  with  a  larger  n'lriver  which  results  in 
a  further  increase  of  the  power  of  the  non-<'ondensing  cylintler. 

Arter  staun  is  cut  off  in  the  contlensing  cylinder  its  |H)wer  is  in  no 

eP 

wise  affect e«l    bv   the   si/e  of  the   HN-eiver  as   the    pnssure  /*,  =  — — 

depends  on  the  initial  |tres>ure  the  ratio  of"  the  volumes  of  the  two 
cylinders  and  their  n*spe«tive  |M)ints  of  cut  off. 

This  pr«*ssure  /\  «h'«ui"s  when  the  steam  is  just  InMiig  t-ut  off  from  the 
condensing  cvlinder.     Can  also  W  written 

We  ol)serve  that  when  tin-  capacity  of  the  receiver  is  a-^sume*!  very 
great  the  back  pii^ssure  line  of  the  nt)n-<*ondensing  cylinder  comes  ver^• 
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near  being  a  straight  line;  and  fnrther,  if  we  make  e^  equal  to  unity,  the 
forward  pressure  line  of  the  condensing  cylinder  comes  near  a  straight 

line  and  P^  =  — ^ 
R 

In  the  present  case  P^  = =  12'5  pounds  per  square  inch. 

We  then  would  have  for  formula  (7)  giving,  with  rude  approxima- 
tion, the  power  of  non-condensing  cylinder. 

F„  jeP,  ^1  -f  nat.  log.  1) -P,/— (1 -A-)l^  I 

=  2  j  84-7  _  10  —  11-2  I  =  127. 

and  for  formula  (8)  giving  power  of  condensing  cylinder. 

Vjii-  J^)[~^—  ^]  }  =  8 1  0-9  (12J  -  3)  I  =  (>8-40 

If  we  Avish,  having  assumed  a  certain  ultimate  expansion  jEand  ratio 
of  volumes  of  cylinder  R  to  determine  at  what  point  the  condensing 
cylinder  mu^t  cut  off  in  order  to  render  the  work  for  the  steam  or  gas 
a  niaxinmm  we  must  so  arrange  that  the  terminal  pressure  eP^  shall 
equal  the  pressure  of  the  steam  in  the  receiver  at  the  moment  of  its 
admission,  this  would  require 

Ee,       (l-e,  +  k)V^+V, 
With  a  fixed  volume  of  receiver  we  have 

{l+t)V,+  V,^  (12) 

Which  would  give  for  the  example  first  taken 

e^  =  0"47  it  has  been  assumed  at  ^, 

which  probably  would  be  near  enough,  if  we  had  no  clearance  in  the 
condensing  cylinder,  any  other  point,  be  it  earlier  or  later,  would  result 
in  diminished  total  power  from  the  engine. 

If  the  clearance  in  the  condensing  cylinder  be  considerable,  its  open- 
ing will  immediately  result  in  a  disturbance  of  the  gradual  downward 
expansion,  so  that  in  this  case  we  had  better  write,  neglecting  the  back 
pressure,  B, 
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wliicli  woiil<l  give  for  the  example  taken  /,  =  ()'o2. 

This  ))oii)t  .sl»<»ul<l  be  particularly  iKjted  ;i.s  showing  how  great  a  loss 
of  power  can  occur  from  large  clearances  in  com|K)un(l  eugine.s. 
Fixing  the  point  of"  cut-ntl"  (\  =  A  wc  have  from  iS{.  (l.'J) 

,,  _ .,[v;j^(H;+^.rj](i+^)F. 

]  —Eee,  ^     ^ 

or  Vf  =  — 1*2  whirji  is  impossihle. 

That  is  to  say  the  pressure  of  a  receiver  is  always  pnKluctive  of  a 
loss  where  two  cylinders  are  W(»rke<l  together,  icgjinlless  of  its  inHu- 
once  on  the  cut-ot!  of  the  condensing  cylinder,  and  it  is  entirelv  unne- 
i'essary  when  cranks  are  together,  <»r  IHO  dcgreis  apart. 

Uufortunately  we  cannot  suppress  the  clearaii<-<  -  altogether,  and 
therefore  from  (13)  we  have,  a.s-^uming  F,  =  o, 

e= (1±Ml_  ,15) 

This  would  give,  in  the  example,  to  cover  the  clearances  alone. 

c,  =  -36. 

There  is  nothing  wonderfid,  nor  does  it  involve  any  new  principle 
to  ])rovc,  expcniiu  iitally,  that  an  early  cut-utV  in  the  condensing  cvlin- 
dcr  will  ohtain  i Mcrea.se  of  work  from  a  given  quantity  of  ^team  or  ga.s. 

\\  will  represent  the  volume  of  the  connetling  pijH's.  and  reipiire 
the  use  of  formula  (13)  in  actual  pnictice. 

Cranks  of  compound  engines  are  place<l  at  angles  jftvs  than  180°,  for 
convenience  of  handling  engines  which  have  Jio  fly-wheel,  or  which 
have  to  he  stopptnl  and  startt^l,  or  reversetl ;  this  pr<x»<^lure  retpiins 
the  presencv  of  a  reiriver  or  compression  spacc\  an<l  converts  the  dis- 
tances of  the  pistons  into  trigonometric  fuiK'tions,  relatively  to  each 
<>ther,  hut  in  no  wise  altei*s  the  principles  involv^l. 

The  a>vsumption  of  a  n^-eiver,  and  of  exjiggeratiti  clearance**,  in  the 
j>reseiit  «'ase,  was  made  with  a  view  to  future  use  in  the  discussion  of 
cranks  at  right  ungles,*  and  also  to  siiow  clearly  why  they  are  hurtful. 

*Tlu'  writer  ho|HM  to  discuss  this  case  at  length  and  with  pmotical  appli- 
i'ations  in  tlie  near  future. 
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Perhaps  a  resume  of  the  method  of  procedure  iu  proportioning 
compound  engines,  iu  the  present  case,  may  be  useful. 

The  first  point  fixed  upon  is  the  number  of  ultimate  expansions  E, 
and  this  should  be  adhered  to  as  a  controlling  consideration. 

The  second  is  to  fix  upon  the  ratio  R  of  the  volumes  of  the  two 
cylinders,  unless  their  powers  must  be  equalized. 

JR=Ee. 

We  can  then  assume  B  and  fix  e,  the  point  of  cut-off  in  the  non-con- 
densing cylinder,  or  we  can  assume  e  and  fix  R  from  it. 

The  third  is  having  reduced  the  receiver  and  clearances  as  much  as 
is  possible  to  fix  e^  from  formula  (13). 

(1  +  k)  t;  +  V, 


e,  = 


T;4-i?[H;  +  A-.T;-f  r; 


This  will  prevent  a  drop  at  the  beginning  of  the  stroke  of  the 
condensing  cylinder,  and  the  consequent  loss  of  efficiency  of  the  steam 
or  gas. 

It  will  be  seen  that  fj  would  be  unity  were  it  not  for  the  clearances 
and  receiver. 

The  fourth  is  to  calculate  the  relative  poM^ers  of  the  two  cylinders 
with  these  values  from  formulas  (7)  and  (8). 

The  fifth  is,  when  desired,  to  equalize  the  power  of  the  cylinders 
for  equal  strokes,  while  still  preserving  the  ultimate  expansions  E,  the 
same,  and  without  permitting  a  drop  in  the  pressure  from  the  terminal 
non-condensing  to  the  initial  condensing  cylinder. 

The  substitution  of  the  value  of  e^,  given  above,  in  equations  (7) 
and  (8),  and  equating  them,  would  be  the  regular  mathematical  method, 
but  this  is  impossible  because  of  the  complicated  form  of  these  tran- 
scendental equations.  We  can,  however,  derive  a  first  approximation 
in  the  following  manner : 

Assume  F,  =  0,    k  =  0,   k^  —  0,    5=0,    and  therefore  e^  =  l. 

Equate  equations  (7)  and  (8),  under  these  assumptions,  we  have  then 
the  following  criterion  in  order  to  equalize  the  power  of  the  cylinders. 

JR_  ^  \og^ri&3£,  ^^j  fo,  £ _  8  _  1-337380         (jg^ 
R  —  1  Jog.  iJ  log.  iJ 
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Which  must  be  fiilfillwl. 

Let  R=A      we  have  M4  =  2-  -. 

Ut  R='.l  —  3  =  2-82. 

Let  i2  =  2-9  305  =  290. 

Letij:=2-8  3-11  =  3- 

Let  R  =  2-7  3-18  =  3-10. 

Let  R  =  2-6  3-25  =  3-22. 

Ix?t  R  =  2-5  .'{•33  =  3-35. 
That  is  to  say,  iiiKhr  these  assumptions,  A' lies  between  25  and  2G. 

R       '2h        5 

W'f  have  <'=--  =  *'--  ^        of  the  stroke. 

E        8        1 «) 

III   (inUr  that   the  (jiiantity  of  steam  use<l  per  stroke  shall   be  the 
same  as  in  tlie  examples  already  solve<l,  we  must  have  el\=  1  in  the 
5       r  f  ■  .- 

first  case  =:        F„.      Therefore,    ]\  =  3'^,  and    \\^  RV^  =  S  as 
16 

before.     Let  ]\  =1, 

e,  = ?l5?Jli =0-53.     Seee(i.  (13). 

3-2-f-2-5[M2+|l]  '   ^ 

P,=  —'^=  23-5  lbs. 
eji 

Substituting  in  formulas  (7)  and  (H)  as  before,  we  have,  leaving  cle:ir- 
ances  the  same. 

Forthenou-eoudensingcylinder3-2{67-8— 10— 1200— 7-70{  =  121-6 

and 

For  tlie  condensing  cylinder  8]  12"0<)   r  7'7G  —  27  j  ^^  136*5. 

Had  there  been  no  back  |»ressure  /?,  and  no  cK':>ninc«"s  or  receiver, 
the  cylinders  would  have  balancjtl,  !t<  it  is  the  ratio  R  is  still  some- 
what too  pn>j\t.  The  short  time  s|x'nt  in  obtaining  these  results  tenta- 
tively is  well  sjH'nt,  and  costs  nothing  when  «oMipart»<l  with  the  iui-on- 
venicnce  and  loss  that  may  arist»,  when  it  is  for  any  reas«in  d<'sirable  to 
make  the  jK>wers  of  the  (ylinders  equal.  Another  approximation  will 
be  sufficient  provi<led  it  is  not  deeme^l  that  losses  in  the  ni»n-<i>n<lcnsing 
cylinder  and  passagi's  will  re<luce  the  }>owcr  of  the  condensing  cylinder 
sutliciently  whm  steam  is  usetl. 

When  these  |>oints  have  been  covered,  we  must  determine  the  size 
of  the  non-condensing  cylinder  for  the  require*!  horse-j>ower. 
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Equatiou  (9)  gives  ns  for  the  work  done  during  one  stroke, 


33-000 


(HP) 


N 

all  of  which  quantities  are  predetermined  by  the  designer.  If  there- 
fore we  let  T'^  equal  the  product  of  the  stroke,  plus  clearance  in  feet 
by  the  area  of  the  piston  in  square  inches,  we  have 

y.  =  AL. 

The  mean  effective  pressure  P,  we  have  from  eq.  (7). 

Fix  the  stroke  in  feet  and  we  have  the  area  of  the   piston   in  sq. 

inches. 

^  ^  33-000  (//P) 

FLN~~ 

It  is  in  improved  methods  of  study  and  experiment  that  we  must  hope 
for  advancement,  rather  than  in  the  piling  up  of  chaotic  masses  of 
more  or  less  accurate,  and  almost  always  incomplete  experimental  work, 
only  valuable  for  commercial  purposes.  One  series  of  experiments  on 
a  compound  engine,  modelled  after  the  method  adopted  by  Mr.  Hill, 
and  carried  out  with  equal  care  and  skill,  will  give  us  a  better  basis 
than  we  have  as  yet  for  comjiarison  with  theoretical  results,  which  we 
must  use  to  guide  us,  knowing  them  not  to  be  precise,  but  feeling 
them  far  more  accurate  than  attempted  generalizations  from  data  which 
are  in  no  wise  comparable. 

Philadelphia,  November  20,  1883. 


Gannons  of  Silk  and  Steel. — A  German  inventor  proposes  to 
-wrap  a  steol  tube  with  silk  until  a  diameter  is  attained  corresponding 
■with  the  ballistic  power  which  is  required  for  the  cannon.  For  any 
given  diameter,  silk  possesses  a  tenacity  as  great  as  that  of  the  best 
tempered  steel,  and  has  the  advantage  of  a  superior  elasticity.  After 
the  tube  has  been  bored,  it  is  centred  upon  a  lathe  which  turns  with  a 
great  angular  velocity.  Above  and  parallel  with  the  tube  are 
arranged  a  number  of  spools  of  silk,  which  covers  the  surface  in  the 
form  of  a  helix,  by  means  of  guides,  without  leaving  any  space  between 
the  threads.  When  the  desired  thickness  has  been  obtained,  the  silk 
is  coated  with  gutta-percha  or  hardened  caoutchouc,  in  order  to  pre- 
serve it  from  air  and  dampn&ss.  The  silk  being  a  bad  conductor  of 
heat,  the  gun  can  be  fired  very  often  without  getting  hot,  and  it  can 
be  more  easily  managed,  since  its  weight  is  only  one-third  as  great  as 
if  it  were  all  of  steel.— ies  Mondes,  April  21,  1883.  C. 
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THE  DELANY  SYXCROXOl.S-Ml'LTIPLHX  SYSTEM  OF 

Ti:[j:(;ifAiMiv. 


By  PuoF.  Edwin  J.  IImiston. 

[Renil  at  the  Sttited  Meeting.  Wedii«!'..lay,  December  lit,  !*«. 


In  this  (lay  of  remarkable  advance  in  elertrifal  >5oienoe,  it  i>  in-ct'-arv 
for  an  invention  t«)  |)os.s<,*s.s  very  unusual  practical  application.-,  and  to 
display  uncommon  ingenuity  or  geniu.s  on  the  part  of  the  inventor,  to 
attract  any  more  than  transient  attention  or  admiration  on  the  part  of 
the  general  public. 

The  .successful  laying  of  the  Atlantic  Cable,  the  commercial  applica- 
tions of  electric  illumination,  and  the  actual  tnuismission  of  telephonic 
<lispatch(^,  have  very  properly  given  tf>  their  inventors  or  promotore 
a  world-wide  reputation,  The  rapidity  with  which  these  inventions 
have  followed  one  another,  ha.s  le«l  many  to  believe  that  but  little  new 
■could  reasonably  be  e.\pe<'te<l  in  the  near  future. 

There  has  l)een,  however,  <luring  the  p:L<t  two  or  three  years,  another 
inventor  at  work,  who  has  at  last  completed,  even  to  many  minor  details, 
an  invention  which,  if  we  are  not  mistaken,  bi<l<  fair  to  rival  in  im- 
portance anything  that  has  hitherto  been  accomplished  in  ele<tric:il 
science;  we  refer  to  the  system  of  synchronous-multiplex  telegraphv,  of 
Mr,  Patrick  B.  Delany,  of  the  city  of  New  York. 

Like  other  great  inventions,  that  l)elong  rather  t«»  eras  thim  lo  iii<li- 
viduals,  the  growth  of  the  synchronous-multij)le.\  system  h:Ls  nf)t  l)eon 
<»ntirejy  the  product  of  any  single  mind  ;  though  in  this  particular 
instance,  t<M»  much  credit  can  si-arcely  l>e given  to  Mr,  iVlanv,  to  whom 
the  practical  or  working  part  o\'  the  system,  is  almost  whollv  due. 
Indeed,  since  this  gentleman  has  intPKluce<l  into  the  svstem  the 
numi'rous  details  and  separate  inventions,  without  which  its  commercial 
application  would  i>e  impossible,  we  may  correctly  s|>oak  of  it  :l«  the 
Delany  system. 

The  Delany  synchronou.s-nudtiplex  sy.stem  i.s  founde<l  on  the  Phonic 
Wheel  of  Mr,  Poul  La  ('our.  of  (\)|K'nhagen,  who  patenti^l  his  inven- 
tion in  Great  Britain,  under  lictters  Patent,  No.  1,!»S;],  of  1S78,  :  and  in 
the  Uniteii  States, as  No.  20.3,42^,  of  May  7,  l.s78. 

Befon*  pnMHHHling  to  the  de-eription  of  the  detaiknl  appanitu-  of  this 
remarkable  invention,  it  will  In-  Ixst  to  first  explain  tlie  nature  of  the 
work  for  which  it  is  applicable,  and  to  point  out  some  of  the  more 
ovicleut  dirtvtions  in  which  it  may  i>e  j>nu'ticjdly  emploved. 

Whole  No.  Vol.  CXVIl. — (.Tmikd  Skriks,  Vol,  Ixxxvii.)  4 
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The  most  evident  commercial  application  of  this  system  is  its  use  for 
transmitting  simultaneously,  over  a  single  wire,  a  great  number  of  tele- 
graphic dispatches,  either  in  the  same  or  in  opposite  directions. 

Before  the  invention  of  the  synchronous-multiplex  system,  the 
greatest  number  of  messages  that  could  be  transmitted  simultaneously 
over  a  single  wire,  as  in  the  well-known  quadruplex  system,  was  four ; 
and  in  this  case  the  four  messages  were  of  necessity,  sent  in  opposite 
directions ;  viz.,  two  in  one  direction,  and  the  remaining  two  in  the 
opposite  direction.  In  the  synchronous-multiplex  system,  not  only  is 
the  number  of  messages  that  can  be  transmitted  greatly  increased,  but 
atl  such  messages  can  be  transmitted  in  one  and  the  same  direction  • 
or  any  desired  number  sent  in  opposite  directions.  The  great  commer- 
cial importance  of  this  feature  of  the  invention  will  be  at  once  recog- 
nized. 

It  may  not  be  out  of  place  to  mention  in  this  connection,  as  a  confir- 
mation of  the  importance  of  any  system  that  will  permit  the  simulta- 
neous transmission  of  more  than  a  single  dispatch  over  the  same  wire, 
that  it  is  a  well-attested  fact  that  the  Western  Union  Telegraph  Com- 
pany has  been  enabled,  to  a  very  great  extent,  to  practically  control 
the  telegraph  business  of  the  United  States,  by  reason  of  its  owning  or 
controlling  the  only  method  heretofore  known  for  successfully  accom- 
plishing this  object. 

Though  we  have  mentioned  the  quadruplex  as  being  the  only  sys- 
tem hitherto  commercially  employed  for  multiple  transmission  of  dis- 
patches, we  have  not  forgotten  the  harmonic  system  of  Mr.  Gray. 
This,  however,  we  believe,  has  not  been  commercially  introduced  to 
any  considerable  extent,  owing  to  certain  inherent  difficulties  attend- 
ing its  practical  use. 

Perhaps  one  of  the  most  prominent  features  of  the  multiplex-syn- 
chronous system  is  its  marked  dissimilarity  from  either  the  quadru- 
plex, or  the  harmonic  systems  already  mentioned.  The  multiplex  is  a 
new  departure  in  telegraphy,  now  practically  realized  for  the  first  time. 

As  is  well  known  to  those  acquainted  with  the  principles  of  electro- 
magnetic telegraphy,  the  quadruplex  system  is  based  on  the  balancing 
or  differential  method,  whereby  the  instrument  of  the  transmitting 
operator,  being  unaffected  by  the  signals  he  transmits,  is  thus  left  open 
for  the  reception  of  signals  sent  from  the  distant  end  of  the  line. 

The  synchronous-multiplex  system,  on  the  contrary,  is  based  on  the 
synchronous  rotation  of  two  discs,  placed  one  at  each  end  of  the  line, 
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by  mean.s  oi"  wliicli  a  .singh;  wire,  wliicli  rniistitiitcs  the  line,  xa  simul- 
faneoiisly  (•oniH*ct«'<l,  :it  lx»tli  of  its  eiul.-i,  to  ("orrcsjxnidini^  ojxTdting 
iiistruineut.s,  and  tran.<l"erre<l  from  one  set  of  in.-truiiieutjj  to  aiiotlier  .so 
rapidly  that  the  operators,  either  sending  or  receiving,  eannut  realize 
that  tlie  line  has  been  di.sc'oniicctcd  from  their  instruments  and  jriven 
to  others,  Ih'cjiu.'h;  each  of  them  will  always  l«ave  tlin  line  ready  for  use, 
even  at  the  highest  rate  of  manipulation,  and  will,  therefore,  to  all 
practical  intents  and  purposes,  have  at  his  dis{)osal  a  private  wire 
l»<tween  him.self  and  th<-  operator  with  whom  he  is  in  comnninic:ition. 
It  will  Ix-  .seen,  thcreli)!*-,  that  in  thtt  .synchronous-multiplex  .'•ystetn, 
although  more  than  one  operator  may  lie  spoken  of  as  siniultaneouslv 
u>.in^  the  line  at  any  ^ivcn  time,  yet  in  |)oint  »>f  fact  no  two  ojHTators 
are  in  reality  absolutely  using  it  at  the  siune  time;  but  that  thev  fol- 
low one  another  at  such  short  intervals, and  the  line  is  taken  from  one 
openitor  and  tr.msferred  to  another  .so  rapi<lly.  that  none  i»f  them  can 
at  any  time  tell  but  that  he  has  the  line  alone,  and  that  therefon*  it  is 
practically  open  for  the  u.se  of  every  i>penitor  just  as  if  he  alone  had 
control  of  it. 

There  will  be  |»ractically  estai)Ii»he<i,  by  the  use  of  a  singlr  line,  as 
many  private  and  separate  lines  as  thort-  an-  tninstenMH-es  of  the  line 
from  the  time  it  is  taken  fnini  the  fii*st  operator,  and  agxiin  given  liaek 
to  him. 

This  has,  :ts  we  will  hereafter  point  t)Ut,  l)een  extcndeil  in  actual 
pnictiee  to  as  many  as  seventy-two  <iistinct  and  separate  ein'uit.*i,  niain- 
taine<l  and  opei-ate<l  (»n  a  single  connecting  win*. 

It  will  be  rea<lily  umlei-stcKHl  that  the  rapidity  t»f  transnii.ssion  of 
each  telegra[)hic  dispatch  will  Im'  n^fssirily  diminishe«l  it**  the  numUr 
of  iiu'ssages,  that  are  simuItauL'^msly  transmitted,  is  increaseil.  This 
(lecrea.se  in  the  rate  of  transmis>ion,  however,  is  far  N-ss  than  might  Ik? 
suppo.>.cd  necesvsjiry,  as  actual  ex|»eritiK-e  has  abundantly  demonstraiwl. 
I"\»r  example,  with  the  simultaneous  u.se  of  six  Mon^'  telegmphic  cir- 
cuits, tlu*  mo.<t  rapid  rate  of  transmission  attainable  by  the  mtic«t  eX|H'rt 
o|K'nitors  is  practiiable ;  and  with  twelve  Morsi'  cin-uits,  a  rate  of 
transmission  is  practicable  as  nipiil  as  that  generally  employetl  bv  the 
ordinary  ojKnitor  ;  that  is,  by  an  o|)enitor  who.se  rate  of  semi  ing  wnuld 
Ik'  ri'gaixle<l  as  ecpial  t«»  that  actually  employ»««l  by  the  greatest  mind>er. 
It  must  not  Ik"  sup|>os«il,  however,  that  the  use  of  the  multiple\->vn- 
chronous  .system  will  l)e  limitefl  to  the  simultaneous  transmission  of 
twelve  separate  messjiges  on  one  and   the  s:ime  wire,  sintv  certain  cou- 
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templated  improvements  will,  it  is  confidently  believed,  greatly  increase 
botli  the  rate  of  transmission,  and  the  extent  of  division  of  the  line. 

There  have  been  actually  applied  to  a  single  line,  as  we  have 'already 
mentioned,  as  many  as  seventy-two  separate  and  independent  circuits. 
In  this  case  the  Morse  instruments  have  been  replaced  by  the  ordinary 
printing  telegraphic  instruments,  so  that  the  messages  are  received  and 
recorded  on  paper  slips,  in  the  well-known  manner  as  practiced  in  the 
stock  printing-instruments. 

Although  the  rate  of  transmission,  is,  in  the  above  case,  considerably 
decreased,  yet  the  adoption  of  a  printing  instrument  is  attended  with 
manv  advantages  that  go  far  towards  removing  the  slight  inconve- 
niences that  result  in  actual  commercial  use.  A  printing  instrument, 
as  is  well  known,  requires  no  special  skill  on  the  part  of  the  one  who 
operates  it.  Any  one  who  can  spell,  can  transmit  a  telegraphic  dis- 
patch, while  no  operator  need  be  on  hand  for  its  reception,  since  the 
receiving  instrument  is  entirely  under  the  control  of  the  person  sending 
the  dispatch.  The  necessity  for  skilled  operators,  at  each  end  of  the 
line,  is  therefore  in  a  manner  entirely  done  away  with. 

Three  very  consideml>le  advantages  are  obtained  by  employing  print- 
ing instruments,  and  thus  doing  away  with  the  services  of  skilled  opera- 
tors for  sending  and  receiving  the  dispatches  viz. ;  economy,  secrecy 
and  an  incrciise  in  the  number  of  messages  that  can  be  sent  during  any 
given  time. 

The  advantages  on  the  score  of  economy  and  secrecy  are  manifest. 
Not  only  is  the  skill  of  an  operator  required  at  each  end  of  a  private 
line  employing  Morse  instruments,  but  since  private  messages  are  to  be 
transmitted  thereon,  integrity,  as  well  as  skill,  is  a  prime  essential,  and 
both  of  these  requisites  must  be  ])aid  for.  On  private  lines,  maintained 
by  the  use  of  the  synchronous-multiplex  system  and  printing  instru- 
ments, no  publicity  is  necessary,  the  interestad  parties  only,  sending 
and  receiving  the  dispatches. 

The  advantages  on  the  score  of  rapidity  arising  from  no  operator 
being  needed  at  the  receiving  station,  when  printing  instruments  are 
employed  on  a  private  line,  lie  in  the  fact  that  the  line  being  a 
private  one,  no  time  is  lost  in  waiting  for  some  other  party  that  may  be 
using  it,  nor  in  calling  the  party  for  whom  the  dispatch  is  designed,  or 
in  waiting  for  his  return,  during  a  temporary  absence. 

Taking  all  these  facts  into  consideration,  w^e  think  it  will  be  found 
in  actual  practice,  tliat  the  decrease  in  the  rapidity  of  transmission, 
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consequent  on  the  sinuiltaneous  employment  of  seventy-two  separate 
circuits  on  one  and  the  same  line,  is  not  sntticicntly  j^reat  to  interfere 
to  any  marked  degree  with  its  commercial  applications.  In  point  of 
fact,  with  the  system  as  it  is  now  actually  uscfi,  the  rate  of  transmission 
is  quite  sufficient  to  enable  each  of  the  seventy-two  subst-ribers  or  users 
of  the  line,  to  tnmsmit,  during,  sjiy  the  six  hours  that  elai)sc  between 
10  A.  M.  and  4  V.  M.,  the  business  hours  of  the  day,  no  less  than  one 
hundred  telegraphic  dispatches  of  the  ordinary  length,  an  amount 
generally  in  excess  of  actnal  requirements  of  ordinary  business,  and,  as 
a  rule,  (jiiite  in  excess  of  any  rate  of  service  that  coidd  l>e  reitsonably 
expected  on,  the  part  of  any  of  the  telegraphic  companies  on  which  the 
general  ])ublic  are  now  dependent. 

An  advantage,  however,  of  peculiar  importance  to  the  l)usiness  pul>- 
lic  generally,  that  is  possessed  by  the  synchronous-multiplex  system 
alone,  is  the  readin&ss  with  which  a  single  wire  between  any  two  sub- 
scribers connected  therewith,  can  be  increased  in  its  wipacity  to  meet 
the  growing  needs  for  an  incrcjised  extent  of  division,  or  to  meet  some 
unforseen  or  unexpected  emergency,  'i'lius,  suppose  that  one  subscri- 
ber has  a  private  line  ))Iaced  at  his  disj)osaI  between  any  two  distant 
cities,  and  is  furnishetl  with  what  we  may  term  one-seventy-second 
of  the  line;  should  his  business  increase,  it  would  l)e  a  matter  of  simple 
connection  of  the  transmitting  and  receiving  instruments  at  the  etuis  of 
the  line  to  give  him  increaseil  facilities  for  communicatit)n  by  placing 
at  his  disposjil  the  one-thirty-sixth,  or  the  one-eighteenth,  and  so 
increase  his  capacity  for  communication  twice  or  four  times  respectivelv. 
In  other  systems,  as  is  well  kn(»wn,  this  would  neeil  the  envtion  of 
extra  lines,  and  would  necessitate  the  expenditure  of  l)Oth  time  and 
money,  so  that  sudden  and  unexpected  calls  for  increaswl  facilities  for 
business,  which  are  liable  to  occur  in  times  of  Hnaneial  crises,  or  of 
other  grciit  public  excitement,  could  not  l)c  met. 

A  piHuliar  feature  of  the  synchronous-multiplex  system,  that  is  not 
jM)8sessed  by  any  other  known  telegraphic  system,  and  that  <-annot  fail 
to  conunend  this  system  to  the  general  public,  is  in  its  absolute  «hs-ix>ov. 
Unlike  other  systems,  its  lines  c;innot  be  secretly  tapjMtl  and  the  messages 
intercepted,  since,  an  ordinary  instrument  placed  in  a  break  in  the  line, 
wctuld  receive,  in  an  utterly  uniiUelligible  form,  not  onlv  all  the  signals 
being  transmitted  at  the  time,  but  also  each  of  the  sejuirate  makes  and 
breaks  in  the  continuity  of  the  line  circuit,  while  it  is  successively 
tmnsferred    from  one  operator  to  another,  and  these  signals  would   be 
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so  transposed  and  altered,  that  even  if  the  instrument  could  record 
them,  they  would  be  as  devoid  of  intelligent  connection,  as  would  the 
type,  corrrectly  set  for  numerous  messages,  and  afterwards  dropped 
through  successive  sieves  from  a  height  to  the  ground.  This  feature 
of  absolute  secrecy  of  the  synchronous-multiplex  system  will,  it  is 
believed,  prove  of  almost  inestimable  advantage  to  a  government  for 
the  secret  transmission  of  dispatches  during  war,  or,  in  fact,  at  any 
time. 

The  successful  operation  of  the  synchronous-multiplex  system  is 
dependent  on  the  maintenance  of  the  synchronous  movements  of  the 
rotating  discs  placed  at  the  ends  of  the  line.  We  will  now  proceed  to 
describe  the  details  of  the  very  ingenious  and  beautiful  contrivances 
whereby  Mr.  Delany  has  practically  created  a  new  system  of  telegraphy. 

Fig.  1  represents  a  diagrammatic  plan  of  two  distant  stations,  say 
New  York  and  Philadelphia,  or  Philadelphia  and  Chicago,  represented 
by  X  and  Y,  respectively,  electrically  connected  by  the  single  line  wire 
Q  Q.  The  connections  of  the  detailed  apparatus  required  at  both  the 
transmitting  and  receiving  stations  are  also  shown  in  the  figure. 

In  the  following  description  the  author  has  not  hesitated  to  freely 
employ  the  language  of  the  various  patent  specifications  in  all  cases 
where  he  has  deemed  it  advisable  so  to  do. 

An  inspection  of  Fig.  1,  will  show  that  the  apparatus  at  each  end  of 
the  line,  at  the  stations  X  and  Y,  is  substantially  identical,  A  steel 
fork  a,  at  each  station,  is  automatically  and  continuously  vibrated  by 
the  action  of  the  local  battery  L  B,  and  the  electro-magnet  A.  The 
circuit  of  the  local  battery  is  marked  in  the  drawing  a^.  The  cores  of 
the  magnet  A,  which  may  be  called  the  vibrator  magnet,  are  prolonged 
in  the  direction  of  the  free  ends  of  the  vibrating  fork  by  the  regulable 
screws  a^  of  magnetic  material,  in  the  manner  shown  in  the  figure. 
The  object  of  this  adjustment  of  the  extended  magnet  poles  is  to  enable 
the  said  poles  to  be  approached  towards,  or  withdrawn  from  the  tines 
of  the  vibrating  fork,  so  as  to  regulate  with  great  nicety,  the  rate  of 
their  vibration. 

Platinum  contacts  x,  x^,  are  placed  on  the  inner  faces  of  the  tines  of 
the  fork,  and  make  and  break  contact  with  delicate  platinum  contact 
springs  y,  y^,  supported  by  adjustable  insulated  arms  or  levers  B,  B\ 
pivoted  on  the  bed-plate  of  the  apparatus.  The  adjustment  of  these 
level's  is  secured  by  the  thumb-screws  b,  6',  against  which  they  are 
drawn  by  the  action  of  spiral  springs.     By  these  means  the  platinum 
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contact-sprinj^s  y,  y\  arc  rejulily  iwljiistcMl  with  ^r«it  delicacy  an<i  firm- 
ness lo  the  platiiiiiiii  contacts  x,  x\  on  thf  tines  of  thr  fork. 

'IMie  circuit  ofthe  |(M'al  Itattcrv  />/>,  whirl  i  is  intli«-:it«Hl  in  thcdr.iw- 
in;r  hy  the  tiiH-  <lottc«l  lines,  runs  iVmn  the  |M>sitive  jxile  ofthe  hatte^^•, 
throM^'^h  the  eoijs  of  the  vihnitor  nia;_'net  .1,  to  tlie  head  of  the  fork, 
and  through  the  ((tntacts  x\  tf\  to  the  insidated  h-ver  Ji\  from  wlience 
it  j)asses  hack  to  the  o|)|)osite  jM>h'  ofthe  hattt-ry.  In  order  to  prevent 
injurious  sparkinj;  of  the  contacts  j-'  an<l  j/',  a  njsistance  coil,  Ji\  in 
phiced  in  a  shunt  circuit  around  them,  extending  from  the  point  <f*,  to 
the  head  (»f  the  tork,  and  to  the  in>uhited  arm  li\  as  shown. 

'J'he  lork  hein;:  tnechanindly  startcil  into  a  viltratorv  motion,  will 
automatically  make  and  l»nak  its  lo(~.d  <-ircuit,  and  thus  s<*ud  impulses 
i?ito  the  fork-MiaLTuet  .1.  that  will  continuou>lv  iiiuintain  thf  \il)ra- 
tions  o|  the  fork,  in  a  well-known  manner. 

These  movements,  it  will  he  ohservinl  have  Utn  maintained  solelv 
hy  the  making  and  hreakin^  of  the  contacts  x\  and  y\ 

.\nd  now  for  the  contacts  x  and  »/,  which  as  we  have  seen, an-  placet] 
in  <'Oiuiection  with  the  opjMJsin-  tine  of  tin-  fork.  The  making  and 
hreakin;;  of  the.sc  contacts,  conseijUent  (»n  the  forks  vihnition,  o|R'ns 
and  close's  the  circuit  of  another  hw-al  hatterv  in  which  is  plaee<|  an 
elect ro-nm<;net  />,  the  ftineiion  ot"  which  is  to  maintain  the  contiuuou> 
rotation  of  tln'  transmission  ap|>aratus  < '. 

'fhis  circuit,  which  we  will  call  the  mot«tr  cin-uit.and  \\hich  i.>  indi- 
<'ated  ill  the  drawiui;  hy  the  iarjjer  dottetl  lines,  passes  from  the  |x»sitivc 
pole  of  the  motor-hattery  />',  to  tiie  lever  B,  through  the  platinum 
contacts  If  and  .r,  to  the  tine  ofthe  fork,  to  its  head  or  sup|M»rt  .1'.  and 
theiure  throujjh  the  wire  </,  to  the  coils  of  the  motor  nuij;net  J>,  and 
back  to  the  op|M>site  pole  of  the  hattiiy.  .V  ri-sistance  U,  phuiil  in  a 
shunt  U'tweeu  tlu-  luad  or  su|tport  of  the  fork  and  the  lineof  tlu-  lever 
Jy,  prevents  injurious  sparkiiijr  lKtwe«u  the  platinum  «'ontacts  x,  and  y. 

.Vs  the  continuous  vihnition  of  the  fork  is  automat ic:dly  maintaineil 
])y  the  local  hattery  L  />,  as  ainady  explaineil.  it  will,  at  ea«-h  vihra- 
tiou,  make  and  hreak  the  <-ontatts  at  x,  an«l  y,  and  thereby  make  and 
break  the  niotor  circuit.  The  alternate  ma^neti/:ition  and  demairneti- 
zation  of  the  cores  of  the  motor-ma<;net  I>,  oiuses  the  rotation  of  the 
transmi.ssion  appanitns  ('.  The  cores  of  the  mairnet  I),  have  their 
faces  shaped  so  jus  to  omform  to  the  ciix'umten'ncc  of  the  ap|  aratiis  C, 
die  teeth  of  which  pas-  in  <losi'  proximity  to  the  faces  of  tlie  curved 
magnet  poles. 
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The  motor-magnet  and  transmission  wheel  or  disc  C,  provided  with 
projections  c,  c,  is  the  invention  of  Ponl  La  Conr,  ah'eady  referred  to^ 
and  is  styled  by  him  a  "phonic  wheel." 

The  transmission  apparatus  is  illustrated  in  detail  in  Figs.  2  and  3. 
As  we  have  already  seen,  it  is  an  exact  counterpart  of  the  receiviug- 
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apparatus  at  the  other  ^  end  of  the  line.  A  base  plate,  £",  provided 
with  Ijinding  })osts  for  electrical  connections,  carries  a  vertical  rotary 
shaft  F,  tliat  has  its  lower  bearing  in  the  bed  plate,  and  its  upper  bear- 
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ing  in  a  suitably  supported  bridge,  E\  A  circular  table,  F^,  provided 
with  a  series  of  insulated  contact'^,  is  arranged  symmetrically  around 
the  axis  of  rotation  of  the  shaft.  A  radial  arm,  F^,  i)rojects  from  the 
shaft,  F,  and  carries  at  its  outer  extremity  a  socket  and  set  screw,  to- 
which  is  attached  a  trailing  contact  finger,/.    As  the  disc,  C,  is  rotated 
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by  tilt'  ch-i'tro-riia^'rH't,  Z-',  tin*  tniiliii^r  «'«»iita<t,  /,  .'«\vf'«*p  :iroiiii<l  tin-  <-ir- 
ciilar  table,  /*',  and  is  broii;rbt  stjct-o-ivcly  into  routiu-t  witii  »li«  in-n- 
lute<l  contact- j>irc«*  placecl  on  the  upjKT  I'lu-e  of  the  tabh*  / 

The  main  line,  (^(^,  has  one  of  itx  en<Is  <-onn««cte<l  with  tin*  tntiiin^ 
finj^T,  /',  thnnijrh  the  nulial  arm,  F^,  vertical  shaft,  h\  contju-t  sprinj^- 
arm,  7,  and  pntjof-tin^  jnist  G.  As  the  shaft  /•'  rotates,  the  line  in 
therefore  bnin^ht  into  successive  electri<':il  conniption  with  the  series  of 
insnlat«"<l  contatts  in  the  u|>|>er  face  of  the  table  F^.  The  t<M»the<l 
arinatnn-,  or  jdionic  wlwcl  < '.  is  MH'unlv  kcv.-<l  to  the  vertiial  shaft  F, 
just  al)Ove  the  hub  7'. 

In  order  to  c«jnali/.«'  tln'  sik-ciI  i»f  rotation  ut  thr  a|i|tamtMs,  a  <ylin- 
drieal  va.se,  //,  of  wchmI  or  other  suitable  material,  Hllcil  with  mercurk-, 
is  attached  to  the  fai-e  of  the  phonic  wheel  C,  ami  n>tates  with  it. 

The  cores  of  the  motor  msignct  />,  suitably  sup|xjrte<l  by  the  >tan<i- 
ard  I,  («n  Ik.'  readily  adjustwl  towartis  or  from  the  arnjature  teeth  <»i» 
the  phonic  wheel  ('  by  the  motion  nf  a  scn>w,  /',  which  moves  the 
standani,  /,  in  an  elongated  gui<le  sh»t,  throujrh  whi<h  |ia.s>es  the  s4Tew 
Iwit,  I. 

The  cause  of  the  syn<"hronons  rotation  of  the  phonic  wIm-vI  f '  i-  8ul>- 
stantially  as  follows,  viz. :  Considering  the  action  of  a  •'ingle  |M)le  of  /> 
when  the  wheel  C  is  at  n'st,  that  «)ne  of  its  tii'th  cir  proj«i-(ion-,  c.  that 
is  n(?arest  tlu*  ]M)Ic  of  />,  will  Im-  attnictitl  t«>wanU  it.  an«l  maintained! 
in  |)osition  nean-st  it,  by  the  inHuen(^>  of  the  magnetic  attraction  of 
the  j>oIe  of  y> ;  should,  however,  the  ph(»ni(*  wheel  Ix?  set  into  motion, 
with  a  vel«K"ity  that  shall  ••iuis<'  a  t^>oth,  c,  to  jkis**  the  |Hde  />,  tor  i-ach 
intermittent  impidsi*  in  the  Uittery  circuit  tniversing  the  coils  «if  />,  the 
whe<>l  will  Im!  maintaintnl  in  a  rotation,  the  speed  of  which  will  Ite 
rt'gulattti  and  mntmlUHl  by  the  fntjueni-y  of  intermission  <»f  the  l>at- 
tery  <'urrent  through  the  coils  t>|'  1).  That  is  to  sjiv,  the  >|n'<il  i»f"  rota- 
tion «»f  the  phonic  wheel  (\  and  const^|uently  the  rapidity  with  which 
the  succi'ssive(Mnta«-ts  are  nwlml  by  the  trailing  arm  /'.are  n^gulattnl 
solelv  bv  the  duration  of  the  iwillalion  of  the  fork  n. 
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The  i-ontrol  which  the  intermission  in  the  cinniit  traversing  the  ci»ils 
of  the  eb-t'triv-inairnet  />,  ex«'rci«M's  on  the  reirularitv  of  rotation  of  the 
phonic  wheel  i ',  will  be  U'tter  understtMnl  fn»m  an  inspertiou  of  Figs. 
4,  5  aiui  (). 
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Suppose  that  the  central  or  axial  line  of  the  pole  of  the  magnet  c, 
is  represented  by  the  dash  placed  opposite  c  in  the  figure,  and  that  r, 
indicates  the  centre  of  the  phonic  wheel  C,  whose  direction  of  rotation 
is  indicated  by  the  arrow.  Now,  if  during  one  impulse  the  central  or 
axial  line  of  one  of  the  magnet  teeth,  c,  on  the  phonic  wheel,  is  moved 
from  the  point  s  to  t  it  will  be  accelerated  on  its  way  from  s  to  c,  but 
retarded  from  c  to  t. 

If  then,  as  shown  in  Fig.  4,  the  acceleration  and  retardation  are 
equal,  the  velocity  of  the  Avheel  is  unaifected  by  the  impetus  of  the 
electro-magnet ;  but,  should  the  Avheel  move  slower,  that  is,  lose  in  its 
motion,  as  shown  in  Fig.  5,  then  the  acceleration,  s,  c,  will  increase,  and 
the  retardation,  c,  t,  will  decrease.  Consequently,  the  electro-magnet  D, 
will  increase  the  velocity  of  the  wheel  in  the  same  ratio  that  the  wheel 
slows,  or  loses  time. 

If,  however,  the  wheel  gains  or  increases  in  speed,  as  shown  in  Fig. 
6,  the  acceleration  s,  c,  will  be  decreased,  and  the  retardation  c,  t, 
increased,  so  that  the  electro-magnet  will  have  the  opposite  effect,  and 
retard  the  wheel,  in  the  same  ratio  that  it  tends  to  increase  or  go  faster. 

In  the  apparatus  for  transmission  and  reception,  shown  in  connec- 
tion with  Fig.  1,  which  is  substantially  the  same  as  that  just  described, 
the  table  of  contacts  F^  is,  for  convenience  of  illustration,  shown  as 
placed  above  the  armature  disc  C.  In  starting  the  disc  C,  an  impulse 
of  rotation  is  given  to  it  somewhat  in  excess  of  the  speed  at  which  it 
will  be  maintained  by  the  motor  magnet,  when,  as  the  speed  of  rota- 
tion decreases,  the  armature  teeth  will  come  into  proper  relation  with 
the  poles  of  the  magnet,  and  into  the  periods  at  which  the  makes  and 
breaks  occur  in  the  circuit  traversing  its  coils,  when  the  disc  will  be 
continuously  driven  by  the  motor  magnet.  A  suitable  thumb  piece, 
placed  on  the  vertical  axis  F^  serves  to  start  the  apparatus,  an  opera- 
tion that  is  readily  accomplished  after  very  little  practice. 

Any  suitable  number  of  insulated  contacts  may  be  placed  on  the 
circular  table  F^ ;  sixty  are  shown  in  the  figure.  In  practice  these 
contacts  are  connected  in  accordance  with  the  special  number  of  cir- 
cuits, w^hich  it  is  desired  to  simultaneously  maintain  on  the  same  wire. 
In  the  special  case  shown  in  connection  with  Fig.  7,  it  is  arranged  so 
that  four  separate  circuits  shall  be  established  on  the  same  line  wire. 
The  sixty  contacts  are  placed  in  six  independent  series,  numbered  from 
1  to  10,  consecutively.  In  the  arrangement  here  shown,  two  of  the  con- 
tact pieces,  in  each  series  of  ten,  are  connected  in  the  same  circuit,  and 
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as  thore  are  six  srrio,  fsK-h  of  tin-  «-ir<'uit.'<  so  <X)tiiu'«'t<'«|  will  have  twelve 
corita<;Ls  for  cu<ii  rotation  of  the  (lis<-.  An  iiisjx'<tion  of  Fi^.  7  will 
show  that  the  I's  and  the  5's  in  tach  series  are  all  connected  in  one  and 
the  sjime  eirenit ;  the  2's  and  the  <)'s  in  another  circuit ;  the  3's  and 
the  7*8  in  another  circuit,  and  tin*  4's  and  the  8's  in  another  circuit, 
thus  providing  four  separate  circuits  in  all.  The  j-ontaiis,  therefore, 
from  one  to  eifjht  in  ejich  series,  are  ap|)ortioned  anion^  tlie  four  inde- 
jK'ndent  circuits,  each  of  wlii<-h  will  n'<-eive.  for  each  revolution  of  the 


"t: Ei 


tniilinir  fin;j<'r,  twelve  contai-ts  an<l  twelve electrii-al  impulses,  as  will  lie 
afterwards  <les<rilH>d. 

The  dctailetl  mtvhanisni  liv  means  ot"  whii'h  the  separate  and  inde- 
pendent circuits  so  ohtainiHJ  are  utilizeil  for  the  transmission  and  nivp- 
tion  <)f  mess;i;r«s  is  shown  in  et»nn«ition  with  Fijr.  7.  /i*.  /i".  Ji'  and 
Ji^  are  polari/.e«l  relays,  the  function  of  whi«'h  will  Ijo  afterwanls 
exphiiniHl.  S,  S\  S*  aiid  N*  are  onlinar\-  Mors**  sounders,  althoU);h  in 
the  practice  of  this  invention  S4»me  impnivenjeut  has  lM<fn  intn«ilu«vil 
in  connection  with  the  instrument,  the  ixmntvtions  with  the  nj.Miti  :iiid 
the  local  batteries,  3fli  and  LB,  are  clearly  shown  in  the  tipun 
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It  will  be  noticed  that  the  relay  R,  is  connected  by  the  wire  r,  with 
the  contacts  1  and  5  ;  B}  \q  connected  by  r^,  with  the  contacts  2  and  6  ; 
I^  by  the  wire  r^,  with  the  contacts  3  and  7,  and  R^  by  the  wire  r^,  with 
the  contacts  4  and  8.  Similar  instruments  and  circuits  are  placed  at 
each  end  of  the  line. 

Without  further  describing  the  operation  of  the  instruments  shown 
in  Fig.  7,  it  need  only  now  be  borne  in  mind  that  the  corresponding 
relays  at  the  distant  stations  are  connected  with  the  correspondingly 
numbered  contacts.  When,  therefore,  the  trailing  contact  finger  at 
each  station  simultaneously  touches  the  contacts  bearing  the  same 
number,  the  corresponding  instruments  connected  with  these  contacts 
at  each  station  will  be  placed  in  communication  over  the  main  line,  the 
trailing  contact  finger  /,  completing  the  connection  of  the  main  line 
with  the  contact  arm  in  the  manner  already  described. 

If  then  the  trailing  fingers/,  at  each  station,  are  maintained  in  syn- 
chronous rotation,  they  will  pass  regularly  and  simultaneously  to  the 
next  contact,  and  successively  over  the  similar  contacts  at  each  station. 

During  the  time  that  the  trailing  contact  fingers  are  on  the  corre- 
spondingly numbered  contact  pieces  at  each  station,  a  complete  and 
independent  circuit,  that  has  no  connection  whatever  with  the  other 
circuits,  is  established  between  these  stations. 

Under  the  arrangement  shown  in  Fig.  7,  each  of  the  four  separate 
circuits  will  be  placed  in  independent  electrical  connection  with  the 
main  line,  twelve  times  for  each  rotation  of  the  distributing  wheel  C 
Assuming  the  normal  rate  of  vibration  of  the  fork,  at  eighty-five 
vibrations  per  second,  and  that  the  distributing  wheel  C,  is  furnished 
with  thirty  armature  teeth,  or  polar  projections,  the  armature  discs  and 
trailing  fingers  will  be  rotated  at  the  rate  of  two  and  five-sixths  times 
per  second,  so  that  the  corresponding  instruments  at  the  two  stations 
will  be  placed  in  independent  electrical  communication  with  the  main 
line,  thirty-four  times  each  second.  This  number  of  contacts  per 
second  will  give  to  each  set  of  operators  a  practically  unbroken  circuit, 
so  that  the  operators  at  any  two  connected  stations  may  communicate 
with  each  other,  in  either  direction,  as  if  they  had  a  separate  and 
independent  line  devoted  entirely  to  their  exclusive  use. 

We  will  now  describe,  in  greater  detail,  the  method  adopted  for 
transmitting  and  receiving  the  messages  over  any  or  all  of  the  four 
circuits  so  provided.  An  inspection  of  Fig.  7  shows  the  relays, 
R,  R^,  R^  and  jB^,  connected  with  the  series  of  contacts  as  described. 
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juhI  tlH'rimiit  coniplftcil  ihnn  ^iwU  relay,  eitluT  to  llu- ^rrouiid  tlir<iu»;li 
the  line  o',  when  tli«'  -witdnis  y>,  are  |>la<*(-(l  iis  at  Ii\  an«l  /^,  on  tlair 
iij>|K'r  contacts,  win  ii  the  line  is  nady  tor  receivinj;;  or  in  nuuHftion 
with  their  lower  contacts,  as  at  J!,  and  IP,  when  the  line  is  reaily  for 
tnmsinittin^. 

The  main  battery  MB,  pref'enihly  split  and  ^rounde<l  in  the  middle, 
has  its  |M)sitive  pole  eonner'ted  with  the  hack  sto|»s  of  the  key.-,  and  its 
nejrative  jxile  with  their  front  .-tops.  The  act  of  tmnsmittitii:,  there- 
fore, si-nd.s  into  the  line  imjud.'M'S  of  opp(»site  |N>laritv,  and  then-ton- 
|ierinit.-'  the  employment  of  the  polari/wl  relays.  The  hmil  hatterN'  L  H, 
is  connected  in  multiple  are,  in  the  mannt-r  eh-iirlv  -.liown  in  the 
drawinj^. 

Since  cjich  o|M'rator's  eireiiii  is  made  up  of  inMiu-nui-  nipid  (-ontacti* 
with  the  main  line,  at  the  nite  of  thirty-four  contacts  |K.'r  s«'<'on<i,  mch 
of  the  ordinary  Morse  eharsietei-s  sent  into  the  main  line,  i-.  made  Jip 
of  more  than  a  single  contact,  pro|H)rtioni><l  in  nnmJMr  to  the  leni^^th  of 
the  character,  the  ordinary  Morse  relay  c«»nld  not  Ix?  employed  f«»r  the 
reception  of  thes*'  chanicters,  sinc<'  the  nnmerons  hn-jik-  e<»mpris<il  in 
each  character  woid<l  l»e  re<-orde<l  l»y  the  armature  of  the  n-lav.  In 
order  to  avoid  thi-  confusion,  an<l  to  make  the  relavs  res|Mtnd  not  to 
mere  pulsations  cau>ed  hy  the  su<.-<-es.sive  makes  and  hn'rik.s,  hut  oidv 
to  the  reversils  in  |K)larity,  cjiUM'd  hy  the  connection  of  the  split  Uit- 
tery  3/,  B,  with  the  tmnsmittinj;  keys,  the  |)olarize<i  n*lays  li,  W  Br 
and  /i*\  have  l>e«'n  used  in  j>lace  of  ordinarA'  relays,  .S4»  that  the  anna- 
tun's  of  the  })olariy.e<l  relays  remain  in  the  |)osition  that  the  hist  curnnt 
hjis  j)lac<tl  them,  until  revers;d  of  tiie  current  chan^'i*s  tlieir  |Mi>iiion, 
notwithstanding  that  the  finer  vik'irtions  (x)mprised  in  thes^e  reversids 
are  continuously  j)assinir  thnuigh  the  nui^net  of  the  j»olari/e<I  .rclav, 
hut  are  not  manifeste<l  on  the  armature.  This  fejitun-  «»f  the  inven- 
tion is  due  to  Mr.  E.  A.  Calahan,  the  inventor  of  the  p)ld  and  stix'k 
printing  telegraph,  and  also  the  inventor  of  the  Anjerinm  District 
Telegraph  System, an<l  who  has  U^on  asso<iattHi  with  Mr.  I>elanvtn»m 
the  couinienconient  of  his  investipiti<)ns  on  the  suhject,  and  whose 
ability  and  ^rtnit  mechanicjil  skill  liavc  ver^-  tnatorially  aidetl  the  full 
<lcvelopment  of  the  system. 

The  prime  «*w4'ntial  for  the  sucvessful  application  of  the  pre»'e<ling 
system  is  inidouhteiily  the  nuiintenanit*  of  the  synchronous  movements 
«»f  the  tniiliui;  arms  over  the  <t>ntact  piety's  on  the  table  /•''.  This  Mr. 
I>elany  h:is  etVtvtixl  by  an  invention  t)t  marvelous  U-aiitv  ami  iup'uuitv, 
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which  is  entirely  automatic  in  its  operation,  and  is  so  successful  in 
practice,  that  the  synchronism  can  be  so  perfectly  maintained  for  days 
continuously  without  one  instrument  varying  from  the  other  the  six- 
hundredth  part  of  a  second  during  that  time.  We  will  now  proceed 
to  an  explanation  of  the  comparatively  simple  means  by  which  this 
practically  absolute  synchronism  is  maintained. 

It  has  been  shown,  in  connection  with  the  description  of  the  opera- 
tion of  the  transmitting  wheel,  that  its  rate  of  motion  is  absolutely 
controlled  by  the  rate  of  vibration  of  the  fork,  by  means  of  which  the 
successive  impulses  of  the  battery  current  through  the  motor-magnet 
are  regulated. 

Now  it  has  been  tried,  but  unsuccessfully,  to  obtain  this  synchronism 
by  the  mere  mechanical  adjustments  of  two  forks,  one  at  each  end  of 
the  line ;  the  forks  being  delicately  tuned  to  exact  unison  with  one 
another. 

The  many  circumstances  which  produce  slight  variations  in  the  rate 
of  vibrations  of  a  fork,  have  rendered  it  impossible  to  maintain,  even 
in  the  same  room,  synchronism  between  two  forks  for  more  than  a 
few  minutes  at  a  time,  and  this  has  only  been  possible  by  the  most 
careful  attention  to  the  adjustments  of  the  same.  At  distant  stations, 
where  the  mere  diiferences  of  temperature  alone  would,  of  necessity, 
produce  sensible  variations  in  the  rates  of  motion  of  the  two  forks,  the 
maintenance  of  even  approximate  synchronism  would  be  practically 
impossible. 

Mr.  Delaney  has  completely  overcome  this  hitherto  insuperable 
obstacle  to  the  successful  adoption  of  any  synchronous-multiplex  sys- 
tem, by  the  happy  invention  of  correcting  impulses,  that  are  automati- 
cally sent  over  the  main  line  from  one  instrument  to  another,  at  such 
times  only  as  the  distant  instrument  is  slightly  in  advance  or  behind 
the  other  instrument.  These  correcting  impulses,  that  are  thrown  into 
the  line  only  when  needed,  and  of  the  necessity  for  which  the  instruments 
themselves,  so  to  speak,  are  constituted  the  judges,  are  utilized  for  the 
purpose  of  slightly  increasing  or  decreasing  the  rate  of  vibration  of  the 
distant  fork,  and  consequently,  the  rate  of  rotation  for  the  trailing  arm 
at  the  distant  station. 

The  manner  it  which  these  impulses  are  obtained  when  needed  is  as 
follows :  It  was  probably  remarked  by  the  reader,  that  in  speaking  of 
the  contacts  in  the  plate  F^,  no  mention  was  made  of  the  9's  and  the 
lO's  in  any  of  the  series,  as  having  connection  with  any  of  the  tele- 
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^rii|>lii«-  iiistnimciits  or  cin-uit.'^.  It  i-  the  (iiin-ti«»ii  of  these  contaftM  to 
maintain  tlir-  syiu-lintnisin  of  tin-  :i|>i»ar.itii.». 

Referring  aj;ain  to  Fij;.  1,  it  will  Ik*  iiotice<l  that  at  oin*  nf  th<-  .-^ta- 
tion.s,  as  A',  tUrmt  of  the  'J'>,  that  arc  tin*  fllrth^^>t  rcniovetl  from  one 
anotlK-r,  that  is  tlirt<'  that  are  I'JO  distant  from  «irh  other,  an*  con- 
necttnl  to^'ther,  and  to  a  battery  A',  one  jMile  of  which  la  f<jnnefte<l  to 
the  groun<l  ;  and  that  three  of  the  10'h,  that  are  likewise  furthest 
remove<I  from  one  another,  are  conruetix!  tojjether  and  to  a  line  /,  lead- 
inj;  to  the  f-orrectin^  and  re^ulatinL'  devii-o,  whirh  we  will  afterwartls 
deserihe.  The  nMuainin^  three  interme<liate  !''.^  and  lO's  are  left  ojk'Ji, 
that  i.'^,  are  not  connected  withaiiv  cin-nit. 

At  the  other  .station  1',  tin*  U'>,  eorres|M)ndin;;  with  those  conneetetl 
with  the  battery  at  A",  are  left  uneonnectetl  or  o|H-n,  while  the  alternate 
O's,  are  connected  with  the   Icittcry  K\  one  end  of  which  is  ^ntunded, 

Vui.  h. 


while  the  lo'.sat  i  ,  which  arc  comicct««d  witli  one  another  and  with  the 
correi'ting  dcviivs  through  the  line  /',  <Hirr«>|Ktnd  with  those  which  are 
iuux>nnecteil  with  the  station  A',  the  remaining  lO's, at  1',  being  unix>n- 
nci'tiMl  at  both  stations;  the  thixf  lO's,  which  an*  coniRvtwl  with  tlie 
correcting  de\  iit'ri  through  the  lines  /,  and  /',  respectively,  :ire  extendwl 
or  built  out  towarvls  the  adjoining  9's,  that  are  unconiie<-teil  with  aiiy 
eirt'uit. 
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In  order  to  provide  room  ou  the  table  F^,  for  the  expanded  or 
extended  lO's,  without  disturbing  the  symmetrical  arrangement  of  the 
remaining  contacts,  the  plates  or  contacts  provided  for  the  static  dis- 
■charge  of  the  line,  and  which  an  inspection  of  Fig.  8,  will  show  as 
located  between  each  of  the  successive  contacts  of  the  circular  table  F\ 
are  omitted,  and  their  place  occupied  by  the  extension  of  the  expanded 
lO's,  so  that  the  space  between  the  expanded  lO's  and  the  9's  which 
precede  them,  is  the  same  as  the  spaces  between  the  remaining  con- 
tacts. Since  the  9's  preceding  the  extended  lO's,  and  corresponding  in 
position  to  the  battery-connected  9's  are  open  or  disconnected,  ami  since 
the  static  discharge  plate  between  the  9's  and  the  lO's  at  the  distant 
«nd  is  retained,  no  bad  results  are  experienced. 

As  long  as  the  trailing  contact-fingers  are  moving  synchronously  at 
both  stations,  that  is,  as  long  as  they  rest  ou  correspondingly  numbered 
contacts  at  the  same  moment,  no  occasion  will  exist  for  the  correction  of 
•either  apparatus ;  should,  however,  the  instrument  at  F,run  a  trifle  faster 
than  that  at  A",  the  trailing  finger  /,  at  station  Y,  will  touch  the  ex- 
tended side  of  a  10  contact,  while  the  finger  at  A"  is  still  on  a  battery 
connected  9.  An  electrical  impulse,  consequently,  will  flow  from  the 
battery  K,  at  station  A'',  over  the  main  line,  and  through  the  contact 
10,  at  Y,  and  the  line  l^,  to  the  connecting  device  at  that  station. 

A  similar  operation  occurs  if  the  apparatus  at  X,  moves  a  trifle  faster 
than  that  at  1". 

As  thus  arranged  the  correcting  impulses  are  retarding  ones,  since 
they  are  called  into  action  only  when  the  instrument  at  one  or  the  other 
ends  of  the  line,  gains  in  speed  slightly  on  the  other.  The  inventor 
causes  them  to  act  as  retarding  impulses  by  employing  them  to  cut  a 
resistance  out  of  the  circuit  of  the  vibrator  battery.  The  effect  of 
this  is  to  increase  the  strength  of  the  current  traversing  the  coils  of  the 
electro-magnet  A,  and  consequently  its  magnetic  attraction  for  the  tines 
of  the  fork.  There  thus  results  an  increased  amplitude  of  the  forks' 
vibration,  and  a  consequent  lowering  or  decrease  in  the  rapidity  of  its 
vibration.  This  retardation  will  of  course  affect  the  speed  with  which 
the  transmission  wheel  is  rotated,  and  consequently  retard  the  rota- 
tion of  the  trailing  finger. 

The  local  circuit  of  the  vibrator  is  shown  in  Fig.  1  as  working  gen- 
erally through  the  adjustable  resistances  ^S".  When,  however,  the  appa- 
ratus at  one  station  runs  slightly  in  advance  of  that  at  the  other  sta- 
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tioii,  and  ii  correcting;  impulse  is  const <jueutly  n-t'civctl  tlirougli  the 
main  line  and  tin;  line,  /  or  /',  the  relay  L\  placeil  in  that  line,  U  ener- 
gized, and  its  armature  drawn  from  its  Irack  stop,  thus  breaking  the 
locjil  circuit  a,  and  jjormitting  the  armature  of  a  second  electro-magnet 

r,  to  nipidly  pass  to  its  hack  stop,  and  thus  «'omplete  a  sluint  circuit  r, 
around  the  resistance  N,  so  as  to  cut  it  out  of  the  vihnitor  circuit.  The 
consequent  increase  in  the  ciu*rent  stn-uf^th  of  the*  vihrator  circuit  that 
is  thus  momentarily  pr(Mliiced,  momentarily  retard-  the  rate  of  vibra- 
tion of  the  fork,  and  f-on-ojuently  slows  the  rotation  of  the  trailing 
finger,  and  caus<«  it  to  drop  l)a<k  on  its  projRT  <'onta<t.  The  o{>eration 
is  the  sim«.'  at  lM)th  stations. 

W'lienever  the  ojM'rator  at  either  station  hears  the  stroke  of  the  n-lav 

r,  he  knows  that  a  corre<'ting  impulse  ha.s  l)een  received.  Hv  placing 
a  relay  and  .sounder  W,  in  the  circuit  of  the  correcting  hatterv,  at  each 
station,  hetwiH'ii  the  \)  contacts  and  the  ground,  he  can  also  tell  when 
a  correcting  impulse  has  Uen  .sent  out.  No  ditlicidtv  will  lie  ex|)e- 
rienced,  therefore,  in  a.scertiunit)g  which  of  the  instrument.s  is  slightly 
in  advanci'  of  the  other,  hut  as  long  a-  anv  ticks  or  sounds  an-  h«jr<l 
on  the  instruments  on  the  corrcvting  circuits,  the  instruments  will  be 
found  to  Ix'  in  synchronism,  since  the  variations  |)os.sibIe  are  confined 
to  a  limit  not  exce<><ling  (»ne-fifth  of  the  width  of  anv  regular  s<'gment. 
The  apparatus  is  readily  start***!  by  starting  the  fork  and  rotating 
the  vertical  shaft  /•',  and  the  atljustment  of  the  two  apparatus  is  com- 
plete<l  at  the  other  station,  }'.  At  that  .station  the  oj)erator  also  starts 
his  apparatus  and  closes  the  switclus  at  M,  and  X.  liv  the  m<ans 
alreaily  des4ribe«l  the  ojK'rator  at  )',  can  tell  which  apparatus  is  nni- 
ning  the  faster,  and  he  tluii  proceeds  to  adjust  his  <»wn  apiKiratns,  until 
he  is  aware  of  the  synchronism  of  the  two,  by   the  tell-tale  strokes  at 

V,  and  ir.  It  is  found  convenient  in  practiiv  to  make  the  nsist- 
ance  at  S,  in  the  slm{)e  of  a  lx>x  of  resistances,  so  as  t4)  re:idilv  varv 
the  amount  of  rcsi.stance  normally  includiHl  in  the  hx-al  circuit. 

A  very  im)M>rtant  an«l  beautiful  feature  of  this  inv<'ntion  is  found 
in  the  manner  in  whiih  the  corrnting  impul.•^•s  an*  renderetl  ctTe«tive 
when  the  relay  U,  leaves  its  biu*k  stop,  a*»  the  ct>rrections  are  thereby 
ren<lered  practicjdly  in.>itantan«H»us  :  when»as,  if  thev  were  not  made 
ciliHtive  iintil  the  armature  of  the  relay  had  Urn  drawn  to  it.-,  fnmt 
stop,  the  a«'tion  of  the  correcting  devitv,  wouhl  be  sluggish.  The 
adjustment  of  the  armature  of  the  relay  U,  is  very  delicate,  ami  it 
thetTfore,  iv.s|K)mls  immeiliately  to  any  a>rrwting  impulse  ;  .so,  too,  the 
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spring  of  the  relay,  V,  is  of  sufficiently  high  tension  to  enable  its  arm- 
ature to  move  almost  instantaneously  to  its  back  stop. 

Should  the  trailing  arm  at  one  station  be  moving  more  rapidly  than 
that  at  the  other  station,  it  must  soon  overtake  theXrailing  arm  at  the 
other  station  and  bring  them  both  into  such  relation  to  the  battery 
connected  9's,  and  the  extended  correcting  lO's,  that  the  correcting  im- 
pulses will  thereafter  maintain  them  in  practical  synchronism. 

Should  the  main  line  between  the  two  stations  be  accidentally  broken, 
the  synchronism  would  of  course  be  destroyed,  but  on  connecting  it 
again,  the  instruments  would  of  themselves,  within  two  or  three  minutes 
at  the  most,  again  come  into  synchronism  without  the  intervention  of 
the  operators. 

The  correcting  impulses,  we  have  described  are  retarding  ones,  and 
are  only  called  into  play,  when  one  instrument  runs  faster  than  the 
other.  jNIr.  Delaney  has  slightly  modified  his  apparatus,  so  as  to  make 
the  correcting  impulses  accelerating  ones,  that  are  only  called  into  play 
when  one  instrument  runs  slower  than  the  other. 

In  this  connection  it  may  be  well  to  state  that  numerous  devices  by 
means  of  which  synchronism  can  be  obtained  in  connection  with  sub- 
stantially the  apparatus  before  described,  have  been  discovered  by  Mr. 
Del  any,  and  are  fully  protected. 

We  have  described  four  sets  of  independent  circuits  simultaneously 
established  on  the  same  line.  It  is  evident,  however,  that  by  increasing 
the  speed  of  rotation,  fewer  contacts  during  a  single  rotation  will  suffice 
for  the  practical  operation  of  the  ordinary  Morse  circuits,  or  by  increas- 
ing the  number  of  contacts  in  the  circle,  a  much  greater  number  of 
circuits  may  be  obtained,  so  that  the  subdivision  of  the  line  into  a 
greater  number  of  circuits  may  be  effected,  without  diminishing  the 
speed  of  working. 

An  essential  feature  of  the  invention,  without  which  it  cannot  be 
practically  operated  for  long  distances,  consists  in  separate  contacts, 
as  shown  in  Fig.  8,  placed  between  the  contacts  on  the  table  F^,  at  each 
station,  and  connected  together  to  the  ground,  so  that  the  line,  being 
put  to  the  ground  before  each  completion  of  the  circuits,  will  be  freed 
from  the  greater  or  less  static  charge,  which  is  very  apt  to  be  present 
in  all  lines  of  any  considerable  length. 

The  synchronous-multiplex  system,  though  as  we  have  seen  is  some- 
what complicated  in  its  apparatus,  is  far  simpler  in  its  operation,  and 
requires  far  less  delicate  adjustments  than  are  essential  in  the  quadru- 
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plex  .system.  TIm-  (litfcniicr  Ixtwc^'n  the  two  in  thw  respe«-t  will  the 
l)etter  apjxair,  whfii  it  is  known,  that  in  the  «|na(iruj)k'X  .'system  a 
chanj^e  of*  electrical  condition,  e<juivalent  to  an  increase  in  the  lenj^h 
of  the  circnit  of  ten  miles,  is  siiflReient  to  throw  it  out  of  Uilance, 
and  thu.s  stop  all  eonitnunicjition  ;  while  in  the  synehronns-multiplex 
system,  a  change  equivalent  to  five  hun<lre<l  miles  may  l>e  instantly 
thrown  on  tlu'  synchronously  oiHiratnl  wire,  without  destroying  the 
synehronoiLs  rot^ition  of  the  trailing  arms,  or  interrupting  the  various 
<'ircuits. 

The  po.ssil)ilitics  that  suggest  themselves  a.s  naturally  resulting  from 
the  solution  that  Mr.  Delany  has  made  of  the  problem  of  ol>t;uning 
an<l  maintaining,  at  distant  stjiti«tns,  pnicti(-ally  ahsolute  synchronism, 
are,  indeed,  l>ewildering,  an<l  justly  entitle  this  gentleman  to  a  place 
among  the  world's  great  inventoiv. 

Centrul  J I  if/It  Sc/nto/,  i'hihuUlphia. 
November  29,  1883. 


Preservation  of  Paintings  in  the  Parisian  Opera  House.— 

The  |)aintin;^^>«  of  M .  liMiidiy,  in  the  foyer  of  the  (ir.md  <  )j>«ni  Ib-uso, 
have  been  gix'jitly  injun^l  and  almost  oblitenitiii  by  the  .<moke  which 
escaiM-s  from  the  gas  l)urn<'rs.  The  trouble  mii;ht  have  Ini-n  avoided 
if  the  arrangements  of  the  lights  had  In-en  mon>  nmtullv  >tu<lieil. 
Kach  chandelier  is  <-«)m|M>.s(><i  of  four  clusters,  eacii  cluster  having  eight 
fan-shape<l  burners  arning<'<l  symmetrically  around  the  c»'ntnil  supj>ort, 
antl  with  a  crown  of  eighteen  jet.^  place<l  alntve  these  burners.  In  ci»n- 
sequenee  of  this  arrangement  the  strong  a.»«cen«Iing  current  of  air,  pn>- 
duc«Hl  by  the  combustion  in  the  lower  clusters,  agitat<<s  the  jets  of  the 
upj>er  crown  and  renders  the  combustion  incomplete.  The  smoke 
which  is  thus  pr«Mlu<>ed  deposits  a  thick  layer  of  lampblack  ujhiu  the 
paintings.  M.  Denuix,  the  siilKJirector  of  the  dye-work<  at  the 
(7obelins,  pro|>os<'s  to  change  the  arningement  of  the  <'lian<lelier<,  so  a.s 
to  produce  a  complete  <ttmbu>tion  <»f  the  g!i«^  and  rapi<llv  remove  the 
air  chargtHl  with  the  pro<lucts  of  conibustion,  of  whi<>h  the  sulphurous 
acid  is  esiMi'ially  injurious  to  colors.  The  empl«»yn)ent  of  the  ele«>tric 
arc  is  im|K»ssible,  Ux-ause  it  fa«les  the  colors  it**  efltvtuallv  a*  suidiijht. 
The  incandescent  electric  light,  as  hitherto  pro(hioi>«i,  has  a  tint  which 
is  too  orange  to  give  a  goo<l  etllvt. — Soc.  tTEncour.,  Oct.  27.  1882. 
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Upper  Limit  of  Audible  Sounds. — E.  Pauchon  has  tested  the 
hypothesis  of  uiauy  physicists,  tliat  the  upper  limit  of  audibility  of 
any  given  ear  varies  with  the  intensity  of  the  soL\id.  Using  a  Cag- 
niard-Latour  siren,  he  found  that  when  the  pressure  of  the  steam,  in 
the  Interior  of  the  box,  varies  from  0*5  to  Vb  atmospheres,  the  limit 
of  perceptibility  corresponds  to  sounds  which  are  comprised  between 
48,000  and  60,000  vibrations  per  second.  On  increasing  the  steam 
pressure  to  2*5  atm.,  giving  the  discs  a  rotation  of  600  turns  per  second, 
he  could  hear  the  sound  of  72,000  vibrations,  which  was  the  sharpest 
that  he  was  able  to  produce.  He  then  vibrated,  longitudinally,  metal- 
lic rods  fixed  at  one  extremity,  by  rubbing  them  with  rosined  cloth. 
He  found  that  the  length  of  the  rod  which  gives  the  limiting  sound 
is,  for  anv  given  metal,  independent  of  the  diameter.  For  steel,  cop- 
per, and  silver,  the  lengths  are  sensibly  proportional  to  the  velocity  of 
sound  in  those  metals.  By  using  an  ear  trumpet  the  limit  of  percep- 
tibility is  slightly  increased.  If  tlie  rods  are  excited  with  diiferent 
substances,  such  as  rosin,  turpentine,  alcohol,  ether,  the  limiting 
length  changes  and  may  vary  from  one  to  two.  The  sound  which  has 
ceased  to  be  perceptible  by  the  ear  still  acts  powerfully  upon  a  sensi- 
tive flame. — Comptes  Rendus,  April  9,  1883.  C. 

Protection  from  Boiler  Explosions. — It  has  been  noticed  that 

boiler  explosions  are  especially  frequent  in  the  morning.  Take,  for 
example,  an  engine  which  works  during  the  day  with  steam  at  6 
atmospheres.  The  workmen  leave  the  factory  at  7  P.  M.  ;  about  six 
o'clock  the  fireman  reduces  his  fires  and  leaves  the  boiler  with  the 
gauge  at  4  atmospheres.  On  returning  the  next  morning,  at  5h.  30m., 
he  generally  finds  the  gauge  at  1*5  or  2  atm.,  with  a  fine  water  level. 
He  profits  by  the  reserved  heat,  which  represents  a  certain  expenditure 
of  fuel ;  as  an  economist  he  utilizes  it  and  drives  his  fires,  to  be  ready 
for  the  return  of  the  workmen,  without  suspecting  the  dangers  con- 
cealed in  the  water  which  has  been  boiling  all  night.  He  does  not 
feed  hi?  boilers,  because  they  are  at  a  good  level.  In  other  words,  he 
prepares,  unconsciously,  the  conditions  which  are  most  favorable  to 
superheating  and  a  consequent  sudden  and  terrible  explosion,  which 
will  be  attributed  to  some  mysterious  and  unknown  cause.  Treves 
recommends  that,  before  starting  the  fires  in  the  morning,  the  fireman 
should  restore  to  the  water  the  air  which  it  needs,  by  injecting  it, 
with  the  aid  of  pum[)s  and  suitable  tubes,  into  the  lower  portions  of 
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the  lioiU'r.  A>  .s<x»ii  fis  tin-  gaiijr*-  of  tin-  |>uiii|i  in«li«'at<'s  a  pressnro 
wliif'h  is  superior  to  that  of  tho  nMnninintr  stf*j»rn,  all  (hiUfP'T  i- 
rornoved  ;  tlic  fin-sfjui  tlM-n  Ik*  <lriv«ii,  chullition  pm-s  f»n  iiorinallv  aii«l 
(•xplo>^ioiis  hecomc  materially  iiiipo-sildc. —  (omp.  linuL,  Ap.  J»,  1HK."{. 

Mechanical  and  Physical  Units. — TIm"  u^**  of  the  kiloj^nimmc 

a.s  a  unit  of  wi'i^ht  has  Ix-eii  so  j^euenilly  adopted  that  few  would 
attempt  to  displaee  it,  notwithstandiuj;  the  inconvenience  which  result.-^ 
from  the  variations  «)f  weight  with  the  place  of  the  oliserver.  A. 
I>e<lieu  proposes  to  j^ive  it  a  fixe<l  value  l»v  <livicling  it,  in  even'  i-al- 
culation,  hy  the  ratio  of  the  j;nivitatin<£  ac<*elenjtion  7  of  the  place  of 
observation  to  the  ^nivitatin^  act-t-lenition  7'  of  a  plac<'  aj^reo<i  u|)on, 
tin-  jMilc  for  example.  This  mcKle  of  o|M'nition  would  take  from  the 
unit  every  chara<'teristic  c»f  special  natioiialitv  and  would  re<hice  <'ver>' 
proldem  to  the  hypothesis  of  a  dynamometer,  with  nnalterahh-  spring, 
jjau^ed  at  the  j)ole ;  moreover  masses  and  forces  would  Im«  >^ul»jerte<!  to 
an  i<lentieal  correction.  The  nitio  of  7  to  g'  varies  from  1  t(»  "9949, 
f<»r  correspond inj;  elevations  alK)ve  the  level  of  the  sea.  If  this  ratio 
is  overlooked,  in  exjx'riments  which  are  jH'rforme<l  in  diflcrent  coun- 
tries, errors  of  comparison  may  arise  wljich  are  j^renter  than  the  errors 
inherent  in  the  cnj»irs  of  the  standard  of  wcij^ht.  Ii<'<licu  alni  makes 
valuable  suj^j^estions  in  rcj^ard  to  thr  units  <>f  timr  and  >pa«f.  —  Comp. 
RemhiJt,  April  9,  1888.  ('. 

Color  of  Precious  Stones.— Lt.  Col.  W  .  A.  Ross,  1«71,  tri«-il  to 
f»l)tnin  a  blue  color  by  dissolvinj;  pun'  alumina  in  a  [>earl  of  lK)rax  ; 
after  a  half-day's  work  he  obtaine<i  a  verv  pale-blue  p<»:irl.  hanl  enough 
to  scratch  ^lass.  Tiiis  ex|H'rim<'nt  UhI  him  to  think  tliat  tlie  blue  color 
of  sapphire  is  due  to  its  98  |>er  cent  of  alumina,  and  not  to  the  traces 
of  any  metalli**  oxide.  In  the  following  viiir  <'X|Hriments  with  lime 
which  had  In-eu  trt-shly  calcin«'<l  and  with  hyclnii*"*!  liiue,  showwl  a 
HMuarkable  influencv  of  the  wat<'r  u|>on  the  cttl<irin}j,  lM>th  of  tlu-  tl.ime 
and  ot'  ihc  p<arl.  In  IST.S  he  found  that  by  dissolving  pure  alumina, 
uiuh-r  the  blow-pipe,  in  a  |Harl  of  Ixiric  acid  whi<'h  had  Ixvn  opcilizetl 
by  means  of  platinum,  and  atldinj;  a  small  projHirtiou  of  hy«lrate  of 
potassium,  he  obtainwi  a  bluish  |M>"arI,  much  more  rapidly  an»l  easily 
than  by  his  tii-st  ex|M^riment.  S>me  years  later  he  l>oujjht,  in  I>Midon, 
a  little  .\meric:in  wavellite.  On  treating;  the  |x»wder  of  thi«i  minend, 
under  the  blow-pij)e,  in  an  o|talize<l  or  hvilnittil  |)earl  of  l>orax,  with  a 
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little  hydrate  of  potash,  he  was  astonished  to  see  that  his  pearl  became 
purple,  then  blue,  and  finally  of  a  brilliant  green.  Subsequent  exjieri- 
ments  satisfied  him  that  although  phosphoric  acid  has  not  been  discov- 
ered in  sapphire  or  in  lapis  lazuli,  it  may  have  contributed  to  their 
coloring;  for  lazulite,  which  is  similarly  blue,  is  essentially  a  phosphate 
of  aluminum,  and  pure  phosphoric  acid  is  well-known  to  be  one  of  the 
most  deliquescent  substances  in  nature.  The  colors  which  can  be  pro- 
duced by  the  aid  of  these  three  colorless  substances,  hydrated  phos- 
phate of  aluminum,  hydrated  boric  acid,  and  hydrate  of  potassium  are 
— purple  or  amethyst,  green,  blue.  Heintz  has  proved  that  the  color 
of  amethyst  is  not  due  to  manganese  or  to  titanic  acid.  Some  chemists 
erroneously  attribute  the  green  color  of  the  emerald  to  a  trace  of  chro- 
mic acid ;  but  chrome  dissolved  in  the  blow-pipe  pearls  invariably 
gives  a  pinkish  hue. — Ann.  de  Chem.  et  dc  Phya.,  Dec.,  1882. 

Chinese  Telegraphs. — In  1862  Count  de  Lauture  tried  to  sitn- 
plity  the  Chinu.sc  language  so  that  it  could  be  used  for  telegraphing, 
but  he  was  unable  to  solve  all  the  difficulties  of  the  problem.  In 
1866,  M.  Yiguier  experimented  with  autographic  telegraphs,  and  pro- 
posed to  employ  a  cipher  code,  by  which  the  44,000  Chinese  characters 
could  be  transmitted  by  the  Morse  apparatus.  This  code  was  first 
published  in  1870,  when  a  cable  was  laid  between  Shanghai  and  Hong 
Kong.  Every  Chinese  character  is  composed  of  two  parts — one  is 
called  the  radical  or  key,  the  otlioi'  is  phonetic.  Every  Chinese  char- 
acter cau  be  classed  under  one  of  214  radicals.  In  his  first  essay 
Viguier  used  three  numbers  to  represent  each  character — that  of  the 
radical,  that  of  the  column  under  the  radical  and  that  of  its  order  in 
the  column.  This  system  required  the  use  of  numbers  varying  from 
three  to  six  ciphers,  which  rendered  the  transmission  of  despatches  slow 
and  difficult.  By  eliminating  the  characters  which  are  rarely  used, 
and  employing  those  which  occur  in  ordinary  correspondence,  he  was 
able  to  simplify  his  system,  so  as  never  to  require  more  than  four  fig- 
ures for  a  single  character.  To  this  improved  method  he  added  Chase's 
system  of  holocryptic  ciphers,  so  that  messages  can  now  be  sent  readily 
and  with  perfect  secrecy. — La  Lum.  JEledr.,  Jan..  20,  1883.  C. 

Forgeable  Brass. — A  German  journal  gives  this  name  to  an 
alloy  composed  of  60  per  cent,  of  copper,  38  J  per  cent,  of  zinc,  and  1^ 
per  cent,  of  iron.    This  alloy  has  the  property  of  being  readily  worked 
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wlien  warm.  It  can  then  Ije  einploytil  for  lon.structing  various  piecee 
of  Ux-k  work,  wliitli  are  commonly  made  of  iron,  and  which,  when 
made  of  thi.s  alloy,  would  l>e  much  less  subject  U)  ru.st. — Chron.  Industr., 
Jan.  14,  188;i.  ('. 

Selection  of  Seeds  for  Sugar  Beets.  Att;<»rdinp;  to  extensive 
obi-ervatioii-  by  (j.  Mart  k,  it  i.-^  more  ecoMoinical  to  j^ather  se-eils  from 
small  than  from  large  beets.  There  is  asjiving  in  land,  in  cultivation, 
in  harvesting,  and  in  the  cost  of  storage,  and  the  planting  in  the  second 
year  is  accomplished  much  more  cluniply  and  quickly.  The  seed 
development  from  small  beets  is  limited  to  a  small  numlx'r  «>f  stalks, 
which  gr()w  lii<;hcr  and  which  show  less  disposition  to  Ix-nd.  Thev 
j)ro(liice  heavier  and  brighter  seinls,  which  ripen  earlier.  In  the  next 
planting  these  scf-d?;  jirodiice  iK-ets  which  are  ri<'h  in  sugar-and  ditfer 
in  nil  imj)ortant  j>oint  from  those  which  spring  from  theseetls  of  larger 
beet-. — D'uKjIerx  Jour.,  -Ian.  'J  I.  I  HS.',.  (', 

Examinations  of  Sugar  with  Polarized  Light. — I*.  DcL'-ner 

ha-  made  compiwative  experiments  witli  the  nidinarv  apparatus  an<l 
the  "half-shadow"  appar:itus  of  Shmidt  and  Iliiarseji.  ]I«-  regtirds 
the  latter  as  of  indisputable  \ahie,  fur  |K'rsons  who  an*  atfei-te*!  with 
any  <legree  of  daltonism  and  for  dark  solutions.  It  may,  theivfore,  l>e 
well  reconwnended  that  manufacturers,  who  have  <Hi".L<ion  to  investi- 
gate the  pHKluction  of  sugar  from  molassi-s,  should  ad<l  the  new  appa- 
ratus to  their  other  cohjr  apparatus. — Diiu/(er't<  Jour.,  .Ian.  "J},  18H;J. 

Sclenetropism. — 1  >uehartri'  was  UhI,  by  the  inHuenei*  which  a  light 
of  very  feeble  intensity  exercises  u|)on  helotropic  movements,  to  vary 
tin*  exjK'riments  by  using  mot.nlight.  He  soweil  seeils  of  plants  which 
were  very  sensitive  to  light,  such  as  Z^vm  ri<citfentti,  Krvmn  leux,  Vina 
saflrn.  \\'lien  the  |»lant-  were  a  few  centimetres  in  length  he  put  them 
in  a  dark  place,  when"  he  k»'pt  them  until  the  night  of  the  •xjMri- 
ment.  The  stalks  InM-ame  slender,  long  and  white;  the  lejives  devel- 
oped slightly,  with  a  light  yellowish  tinge.  <  )n  three  sutx'wssive  nights 
when  the  sky  was  exceptionally  clear  the  pjants  wen*  phuxtl  l»ehin<i  a 
large  window  with  a  southern  ex|M»sure,  .><«»  that  they  recvive«l  the 
direct  light  of  the  nuKui  from  U  I*.M.  to  W  A.M.  From  the  very 
beginning  of  the  ex|Kxure  the  stalks  l»eg:»n  to  bend,  so  as  eonslantlv  to 
present  their  concavity  ami  the  terminal  leaf  bud  to  the  moon,  follow- 
ing it  in  its  course. — (.'omptfis  lirmltui,  Maix'li  5,  l<S8ri.  L\ 
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Protection  of  Water  Pipes  Against  Rupture.— Messrs.  Bux- 
ton and  Ross  attach  a  special  valve  to  the  extremity  of  a  Avater  pipe^ 
which  can  be  opened  automatically  by  electricity.  They  connect  with 
it  a  thermometer,  which  is  so  arranged  as  to  close  an  electric  circuit 
M'hen  the  temperature  approaches  the  freezing  point.  By  the  influence 
of  the  current  a  wedge  is  released  which  allows  the  valve  to  fall  inta 
place  and  open  the  emptying  faucet. —  Chron.  Industr.,  Jan.  14,  1883. 

New  Industry  in  Madrid- — In  the  neighborhood  of  the  Puerta 

de  Toledo,  an  establishment  has  been  started  for  the  manufacture  of 
artificial  whalebone,  from  the  horns  of  black  cattle  and  buffaloes.  It 
is  said  that  the  factory  is  provided  with  all  modern  improvements,  and 
that  its  products  are  already  competing  succc'^sfuily  with  similar  arti- 
cles which  are  imported  from  abroad. —  Gacda  Industrial,  June  25,, 
1883.  C. 


CORRESPONDENCE. 


Committee  on  Publication  of  the  Journal  of  the  Franklin  Institute. 

Gentlemen  : — On  page  471  (December,  1883),  Prof.  L.  D'Auria 
submits  a  new  proposition,  i.  e.,  that  the  attraction  is  equal  on  all 
points  of  the  level  of  a  liquid  mass  surrounding  any  solid  body,  and 
bases  his  demonstration  on  the  assumption  (not  clearly  expressed  in 
his  letter,  but  inferable  from  the  conclusion  he  reaches)  that  the  prin- 
ciple of  equal  transmission  of  pressure  in  hydraulics  is  such  that  the 
pressure  is  equal  on  all  points  having  equal  normal  distance  from  the 
surface. 

I  beg  to  refer  the  writer  to  "  Theoretische  Maschinenlehre,"  by  Dr. 
F.  Grashof,  Leipzig,  1875.  Chapter:  Hydrostatics.  The  author 
defines :  Level-surface  within  a  fluid  in  equilibrium  denotes  any  sur- 
face of  such  a  character  that  the  resulting  force  of  all  attractions  is  in 
all  points  normal  to  the  same.  Then  he  demonstrates  that  level-sur- 
faces are  also  surfaces  of  equal  pressure,  .  .  .  and  that  if  the  external 
pressure  on  all  points  of  a  free  sur&ce  of  a  fluid  is  uniform,  this  sur- 
face must  be  a  level-surface  as  defined. 

The  assumption  in  the  correspondence  referred  to  would  therefore 
depend  on  the  question  whether  or  not  all  level-surfaces  (surfaces  of 
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«'(jii:il  prossnrc)  are  ('«jiiidi>l;int  >nrr:i(«>,  lor  only  in  tliis  cnH-  cxm  iIm* 
j)n'.s.-iure  l>e  equal  in  all  |M)ini-  li;i\  ini_'  <i|U.tI  (ll-fMiicc  Ixjow  flu  frr.- 
surface'  of  the  flni<l. 

It  is,  however,  easy  to  .show  that  all  l^•v(■|-,«.l||•^al•l•^  in  anv  tlniil  i-ui 
he  e(|iii(listant  surfaces  only  if  they  are  |H'rf«'<-tly  ^lohular,  i.  r.,  if  the 
attracting  Ixxiy  is  a  sphere  conipos^'d  of  homogeneous  sphericjij  layers. 
Irre-giilariti<s  in  the  form  or  dcn-ity  of  the  attracting  IkkIv  will  change 
the  f(jrm  of  the  levcl-siirfac.'s  .so  that  thcv  are  no  more  <*«jni«li>.tant, 
and  hence  the  pressure  is  not  uniform  <»n  all  |M>int.s  having  a  utiiform 
distance  fn>m  the  free  surface  of  the  fluid.  This  assertion  is  clearly 
th<»u^h  not  directly  cx|tr<sse<l  in  the  statement  of  Dr.  (^Intsliof: 
''  Imagine  lines  drawn  tiirough  a  fluid,  which  intersect  the  level-sur- 
faces at  right  angles,  and  which  may  l)e  name<I  lines  of  greatest  change 
of  prc!ssure ;  then  the  resultant  force  of  attniction  in  everj'  |x»int  i.s 
tangential  to  the  resjKH'tive  line  of  greatest  change  of  prrssure,  dire<1e<l 
in  that  .sense  in  which  the  j)rcssure  increases,  and  the  pnMluct  of  this 
force  and  the  specific  njass  of  the  fluid  is  inversely  projxnnional  to  the 
arc-element  of  the  line  in  rpiestion  enclosed  l^etween  two  level-surfaces 
of  consUuit  diflercnce  of  j)ressure." 

Tiie  intimation  that  these  lines  may  Im-  curvi'S  shows  that  tlic  level- 
surfaces  arc  not  ne<e.s.sjirily  e<pii<listant  surfaces,  and  the  final  statement 
shows  the  attraction  to  he  greatest  where  the  tlistance  lK?twe<'n  any  tw<» 
level-surfaces  is  least. 

From  the  foregoing  it  would  ap|)ear  that  the  conclu.sion  of  your 
correspoi'dcnt  c:innot  Im'  corre<'t,  heing  hase*!  on  an  erroneous  rtssump- 
tion.  Hr(i<»  Hii><;i{.\M. 

PhiUulelphui,  I)(v.  5.  1883. 


Hook    Notices 


(JAi.v.vNofi.A.sTic  M.\Mi'ii,.VTloxs:  .\  Tractic-al  (tuide  forthetJnld 
and  Silver  Ele«-troplater  and  the  (talvanopla.stic  ( >|H'pator.  Hv 
William  11.  Wahl,  IMi.  I>.  Philadelphia:  Henry  Carey  liiird  iV 
( 'o.,  1S8.'..      8vo,  ().")»!  pp. 

-V  practical  work  on  the  prtx-es-ses  of  eh«ctn>-nietallurgv  c:inn{)t  fail 
to  l>e  of  interest  to  the  general  puhlic  a**  well  as  to  the  tnule.  It  has 
Ikh'U  so  long  since  any  c<»nne<-t(><l  trcatix"  has  Uhmi  written  on  this  sul>- 
jeet,  that  the  general  reiuler  has  l<M>k(><l   in  vain  for  anv  n  liahle  sounv 
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of  information  concerning  the  later  improvements  in  galvanoplastic 
processes.  Indeed,  so  many  improvements  have  been  introduced  into 
these  processes  that  the  old  works  are  to  a  great  extent  worthless,  and 
the  need  for  a  more  modern  treatise  has  been  keenly  felt.  This  want 
has,  we  think,  been  very  happily  filled  by  the  work  of  Dr.  Wahl,  who 
has  produced  a  book  quite  up  to  the  present  condition  of  the  art. 

The  author  logically  begins  with  a  brief  statement  of  the  historical 
facts  connected  with  electro-metallurgy.  He  divides  the  general  book 
into  three  parts,  viz..  Part  I,  Thin  Metallic  Deposits ;  Part  II,  Galva- 
noplastic Operations  Proper,  or  Thick  Metallic  Deposits;  and  Part 
III,  Chemiail  Products  and  Apparatus  used  in  the  Art. 

Perhaps  one  of  the  most  modern  features  of  the  work  is  its  descrip- 
tion of  the  applications  of  the  modern  dynamo-electric  machine  to  the 
process  of  electro-plating.  The  advantages  of  these  appliances,  so  fully 
appreciated  by  the  trade,  are  here  fully  and  clearly  pointed  out,  and 
cuts  and  descriptions  given  of  the  principal  dynamo-electric  plating 
machines  now  in  the  market. 

It  is  eminently  proper  that  nickel-plating,  which  is  an  American 
industry,  should  receive  at  the  hands  of  the  author  the  very  full  and 
clear  treatment  he  has  given  it,  both  from  a  historical  standpoint  and 
in  its  technical  beiu'iugs.  The  discussion  of  the  subject  in  both  of 
these  directions  is  very  clear,  and  cannot  fail  to  interest  the  general 
reader  as  well  as  the  practical  worker. 

The  process  of  electrotyping  is  treated  in  detail,  and  full  descrip- 
tions given  of  various  steps  in  this  important  branch  of  the  subject. 
Illustrations  are  given  of  the  machinery  employed,  which  includes  the 
modern  improvements  in  this  very  important  art.  The  process  of 
stereotyping  is  also  fully  described.  We  note  essential  features  of 
novelty  in  the  chapters  on  tinning  and  galvanizing. 

The  treatment  of  Part  III  especially  commends  itself  to  the  non- 
technical reader.  The  difficult  subject  of  the  chemical  products  used 
in  electro-metallurgy  are  described  in  language  so  simple  as  to  enable 
all  to  understand  it.  We  note  with  pleasure  the  table  of  chemical 
names,  with  their  equivalent  or  ordinary  names,  which  cannot  fail  to 
be  of  value  to  the  workman. 

Valuable  information  of  a  practical  character  is  given  concerning 
the  poisonous  character  of  many  of  the  chemicals  employed  and  the 
proper  antidotes  therefor. 

The  lists  of  American  and  British  patents  connects  with  the  sub- 
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ject  of  electro-iiU'UiUurfry  will  prove  of  ^rwit  value  to  the  general 
8tu(Jeut,  affording  as  it  does  bibliographical  information  of  a  ver^• 
(•xtended  diameter. 

The  work  rlose.s  with  an  unusually  full  index.  We  feel  .sure  that 
the  general  arrangement  of  the  work,  together  with  the  clear  and  con- 
<i.se  method  of  it«  treatment  of  it.s  topical  feature,  will  commend  them- 
.selves  very  favorably  to  the  public.  P-..  J.  H. 


Eleventh  Umok  of  Spe<^imen.s  of  Puintinc;  Tvprs,  and  evtry 
Requisite  for  Ty])()graj>liic:d  Uscij  and  Adornment.  Philadelphia: 
MacKellar,  .Smith.s  tV:  Jordan,  Xos.  006-01  1  San.som  .street. 

The  Ameiuc.w  Pkintkk:  A  Manual  of  Typography,  containing 
Practiciil  Directions  for  Managing  all  I)cj)artni»'nt>  a  Printin«r  ( )tHfe, 
as  well  as  <'oinj)l<'te  Instructions  for  Ap|)rcntic<*s,  etc.  IJv  1  honias 
MacKellar,  Ph.D.  Pliil:i(lclpl.i:i  :  M;..K. liar.  Smiths  »V:  .b.rdau. 
1883. 

Tn  the  cea.sele.<s  ciu'rent  of  contribution.s  to  our  shelves — yearly, 
monthly,  weekly  and  daily — we  have  to  note  an  arrival  w<»rthy  of 
-pccial  mention;  it  embnuH'H  two  volumes  differing  in  size  an<l  tenor, 
yet  clo.sely  allie<l  in  tlitir  ir)tent  and  application,  namely,  a  ''Spwimen 
of  Printing  Types"  and  affdiati^l  Devices,  ami  a  text-b(M>k  of  the  Art 
ot"  Printing,  styled  *' The  Amcri<'an  Printer." 

The  vt>l(ime  named  iirst  i-  an  im|M)sing  quarto,  Ix^und  most  suli- 
stafitially  and  printe«l  on  finest  papi-r  in  the  l>es;t  style  «»f  pre!>swork. 
it  is  is>ue<l  frotn  the  oldest  establishment  of  the  ."*ort  in  the  western 
hemisphere,  and  i)ri'sent.s  the  authentic  history  of  the  Art  in  our  half 
of  the  world. 

Devoted,  a.s  our  Librarv  is,  aiiuo-t  exclusivelv  to  Mt-chanics  and 
Chemistry,  any  ca.se  of  Fine  Art  nee<ls  a  s|M'«'ial  ticket  of  admi>--ion. 
but  the  present  case  opens  the  door,  antl  it  .st;inds  confe-sstnl  as  the 
happitst  union  (jf  the  U.scfid  and  tlu'  lieautiful  in  our  ktvping. 

The  (»ther  volume  is  a  neat  du<Hhvimi),  also  of  faultless  workman- 
ship, and  is  the  veritable  text-l><M)k  of  the  profession,  adtlressing  most 
pertint'utly  at  once  the  appreuti<v,  Journeynuin  and  employer,  in  the 
language  of  respectful  exin'riem-e. 

These  vohunes  come  to  us  by  the  (Xiurtesy  of  Messrs.  M.mKei.l.vk, 
Smiths  &  Jokd.vx,  of  Philadelphia,  who  are  worthy  successors  of 
most  honoriHl  forerunners,  among  whom  <tands  .-.turdv  .lames  Ronald- 
son,  the  first  president  oi'  the  Franklin  Institute.  H.  U. 
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Explosive  Materials.  By  P.  E.  Berthelot.  Translated  by 
Marcus  Benjamin.  To  wliich  is  added  a  Short  Historical  Sketch  of 
Gunpowder,  from  the  German  of  Karl  Bruuu.  (Van  Nostraud's 
Science  Series.)  New  York  :  D.  Van  Xostraud.  12mo,  pp.  180. 
50  cents. 

The  first  portion  of  this  little  book  is  a  resume  of  Prof.  Berthelot's 
lectures  on  explosives  before  the  College  de  France.  After  a  some- 
what detailed  enumeration  of  the  many  objects  to  be  accomplished  by 
explosive  materials,  and  a  classification  of  these  materials  as  strong  and 
weak,  rapid  and  slow,  the  force  of  explosives  is  considered.  M.  Ber- 
thelot states  that  this  force  maybe  calculated  from  a  knowledge,  1st,  of 
the  chemical  composition  of  the  explosive;  2d,  of  the  composition  of  the 
products  of  the  explosion,  to  which  must  be  added  the  quantity  of  heat 
given  off  during  the  reaction,  the  volume  of  the  gases  formed,  and  the 
rapidity  with  which  the  reaction  takes  place.  X  chapter  on  the  origin 
of  the  reactions  includes  the  sensibility  of  explosives,  which  is  greatest 
when  the  explosive  material  is  at  the  highest  initial  temperature. 

The  molecular  rapidity  of  the  reaction  depends  ujion  a  coefficient 
which  varies  with  the  temperature,  the  pressure,  and  the  relative  pro- 
portions of  the  explosive  mixture.  The  influence  of  the  mass  of  the 
explosion  operate<l  upon  is  an  important  factor  in  the  result.  While  cap- 
sules containing  lo  mgrs.  of  fulminate  will  not  explode  in  mass,  if  the 
quantity  of  fulminate  be  increased  the  case  is  different,  and  the  explo- 
sion of  one  capsule  is  sufficient  to  explode  not  only  all  others  in  the  same 
box,  but  all  in  the  same  locality.  The  rapidity  of  propagation  of 
explosion  varies  directly  with  the  pressure,  and  this  brings  the  author 
to  the  consideration  of  his  main  point,  and  his  own  discovery,  the 
explosive  wave  which  is  produced  when  the  pressure  produced  by  the 
explosion  is  sufficient  to  carry  the  reaction  to  succeeding  particles 
with  the  velocity  of  sound.  Explosions  by  influence  are  thus  explained, 
but,  according  to  Berthelot,  it  is  not  an  atmospheric  "vibration  which 
produces  the  explosion,  but  an  ether  \Aave.  The  statement  is  made  that 
certain  experiments  demonstrated  the  propagation  of  detonation  in  a 
mixture  of  hydrogen  and  oxygen  to  take  place  at  the  rate  of  thousands 
of  meters  per  second. 

The  Historical  Sketch  of  Gunpowder  is  quite  interesting.  The 
greater  part  of  it  is  derived  from  the  ancient  archives  of  Augsburg^ 
which  city  claims  the  invention  of  powder  l.>y  a  Jew  named  Typsiles. 
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If  the  dot uments  <j noted  1>C'  tru.-tworthy,  Aug.shurg  eniploviHl  c-annun 
as  early  as  l.>72,  and  was  ar«jiiaiiitc<l  wiili  tluir  use  in  1.''.71. 

Tlie  bfwk  concludes  with  a  very  complete  and  valnahle  "  liihliographv 
of  Works  on  F^\ plosives/'  which  alone  in  worth  more  than  the  price  of 

tiic  i)ook.  w.  n.  (;. 


The  Mati:kiai>  of  Exgineerino,  in  tliri-t-  parts.  Pait  1 1,  In.n  and 
Steel.  Bv  Kohert  H.  Thurston,  A.  M.,  (".  K.,  et«-.  N.w  York: 
John  Wiley  Si  S>n,  lo  Astor  Place,  188:}. 

The  second  voliinie  of  this  work  is  devoted  to  the  consideration  of 
the  rnannfactnre,  properties  and  nses  of  iron  and  steel.  As  intro- 
dnctory  to  the  subject  the  qualities  of  metals  in  comparison  with  <»tlier 
materials  are  fii"st  diseusse<l,  and  some  acc()nnt  given  of  the  general 
principles  of  metallurgy  and  the  materials  therein  use<l.  Chapter  III 
considers  the  history  of  the  manufacture  of  iron  ;  points  out  its  great 
anti(piity  —  nt)t  less  than  .JjOOO  or  4,(K>0  B.  ('.—and  shows  something  of 
the  state  of  the  art  among  various  j)rimative  peoples,  tracing  its 
<levelopnjeiit  in  later  years,  until  the  annual  ppnluct  of  the  iron  and 
steel  manulactun  IS  of  the  {'nited  States  alone  was  valued,  in  1880,  at 
33( )(.),( KM  ),00(). 

The  ores  of  iron  are.  treated  at  length  in  Chapter  IV,  aiul  their 
reduction  and  the  mamifacture  of  cast  iron  there  fully  consideretl. 

Then  follow,  in  course,  descrij)tions  of  the  various  metlnHls  of 
making  wrought  iron  and  steel  ;  and  the  remainder  of  the  work 
devotetl  to  a  considenition  of  the  chemical  and  phvsic;d  j)roj)erties  of 
irori  and  steel ;  their  strength,  the  conditions  afl'ccting  their  strength, 
and  finally  the  subject  of  specifications  is  treateil,  examples  given  for 
various  kinds  of  structures,  with  rules  for  testing  and  insintting. 

The  work  contiiins  a  vast  amount  of  information,  miuh  of  it  of  a 
very  useful  and  practical  character,  and  in  an  available  form. 

If  the  matter  of  the  book  is  o{)en  to  criticism,  it  is  that  certain  iH)r- 
tions  of  it  are  not  so  thorough  or  a<xMiratc  :is  they  ap|H*ar  to  W  and 
should  be;  for  example,  we  not*'  that  the  illustn»tion  which  professes 
to  show  a  steam  hannner,  such  as  is  used  for  working  puddle-balls, 
really  represents  a  ct>nstr»iction  of  hammer  which  is  only  ustnl  in 
small  sizes,  an«l  never  has  Ik'cu  employed  in  any  sjich  work  :ls  that 
descril)e«l.  Again,  we  note  that  the  cut  illustrating  the  Sellers'  Me<'hani- 
cal  Puddler,  shows  a  form  of  machine  which  it  was  found  necessjirv  to 
discard  years  ago,  and  if  we  ret'olK-ct  aright,  the  newer  form  was 
exhibiteii  at  the  Centennial  Exhibition. 
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These  matters  are  not  of  much  moment  in  themselves,  and  are  only 
mentioned  as  a  suggestion  that  the  author  has  not  in  every  case  availed 
himself  of  the  latest  information  obtainable.  The  only  feature  of  the 
work  to  which  we  take  decided  exception  is  the  absurd  practice  of 
giving  quantities  and  dimensions  in  both  English  and  French 
equivalents. 

The  book  is  written  in  English,  and  is  presumably  intended  for  the 
use  of  English  speaking  engineers  and  manufacturers ;  but  there  is  no 
English  speaking  community  which  has  adopted  the  exclusive  use  of 
the  metric  system,  and  there  is  not  the  least  probability  that  there  ever 
will  be  such  a  community. 

Under  these  circumstances  the  constant  insertion  of  parentheses  such 
as  those  in  following  sentence:  "The  anvil  is  about  6  inches  (15*24 
centimetres)  square,  and  (3  inches  (15"24  centimeti'es)  high,"  is  needlessly 
annoying  to  the  reader  of  the  book.  The  present  writer  is  at  a  loss  to 
conceive  of  any  good  result  attainable  by  this  practice,  which  com- 
pensates in  the  slightest  degree  for  the  annoyance  which  it  causes  the 
reader,  whose  pleasure  in  reading  the  book  is  marred  every  moment 
by  the  interjection  of  these  gratuitous  translations  which  destroy  the 
continuity  of  the  sentence  and  interrupt  the  course  of  thought.  There 
is,  perhaps,  no  objection  to  giving  the  tabulated  results  of  experiments 
in  "  kilograms  per  square  centimetre,"  as  well  as  in  "  pounds  per  square 
inch,"  because  this  enables  us  readily  to  compare  these  results  with 
those  of  European  observers,  and  if  we  do  not  wish  to  consider  them 
so,  it  is  easy  enough  to  neglect  that  part  of  the  table ;  but  to  translate 
every  quantity  that  is  mentioned  in  the  text  into  its  metric  equivalent, 
results  in  taking  up  in  many  cases  from  three  to  five  lines  out  of  the 
thirty-eight,  on  each  page,  entirely  in  this  manner.  The  author,  how- 
ever, is  not  always  consistent,  and  we  notice  various  places  where 
important  quantities  are  given  in  English  equivalents  only. 


Franklin    Institute. 


^Proceedings  of  the  Stated  Meeting,  Wednesday.^  December  19,  1883.] 

Hall  of  the  Institute,  Dec.  19,  1883. 

The  meeting  was  called  to  order  at  the  usual  hour,  with  Vice- 
President,  Charles  Bullock,  in  the  chair. 

There  were  present  128  members  and  19  visitors. 
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riic  tniimtefl  of  tlio  last  nu'etiii^j  were*  upprovwl. 

'\\n-  Artiiarv  siiltiiiittnl  tlic  1111111114^  of  tin-  Hoanl  <>1  .MunajrrTs,  and 
rejM>rtL'<l  tliat  at  iln- -tat*-*!  rnc*.'!!!!)^  hoM  W^tliitxlay,  iN-t'i-nilKT  TJlli. 
1883,  27  p«'rs<»iis  had  lieen  elwtwl  to  in<'iiilM'i>lii|). 

The  |)resi<liiijr  ofliccr  auiioiiin-<-<l  that  In*  was  ready  to  re«-eive  iioini- 
natioiis  for  <»tli<'rrs  of  the  Institute  to  Ik*  <'l«H-te<l  at  the  annual  eh-<ii(in 
in  January,  iHXl.  The  following  nienilKTs  were'thenu|Mjn  plattii  in 
notnination,  viz. : 

/•o/-  Prrttidritt  (to  .serve  one  year),  Willi;iin  I*.  Tathatn. 
"      \'ire-Prmi(lrnl  (to  serve  thnn-  yejirs),  CIi:ls.  Btilluck. 
"    Secrdan/  (to  serve  one  year),  William  H.  Wahl. 
"     TrettMiirrr  (to  serve  one  year|,  Sjiinnel  S:irtain. 
"     ManafU'iH  (to   sirve  three  yt^rs),    WjL«*hingt«in    Jones,   Joseph 
M.  Wil.son,  Coleman,  Sellers,  C.  Chabot,  Pliny   K.   Chase,  Dr.   Inaac 
Norris,  Theo.  1).  Itand,  A.  K.  Outerhridge,  .Ir. 

Far  MaunyerH  (to  serve  for  two  years),  IIug<»  Hilgrani,  Charles  J. 
Shain. 

For  Auditor  {to  serve  three  years),  I>ewis  S.  Ware. 
*'      Trugtce   in   Pnun*iilv<tni(t    }[imnim  and  S<-hoof  of  Indim(riit/  Art 
(to  serve  for  one  year),  W'illiaiu  II.  Wahl. 

The  S|Kvial  C'ommitte*'  on  "Onlinane*'  f<»r  the  Examination  of 
Steam  Knj^ineers,"  pn-st-nte*!  majority  and  minority  n'|M)rt.x,  whi«h 
were  fre^'ly  dis<'usrte<l  by  Mt's.^rs.  Wiishinjiton  Jom-s,  Coleman  SoIKts^ 
Jr.,  William  Helme,  N.  1*.  Williamcs,  Whi.  B.  LeVan  ami  J.  W. 
Nystronj.  On  motion  of  Mr.  Iy«'Van..s<'conde<l  hy  Mr.  W.  B.  C«»o|Hr, 
the  eonsideration  of  the  report.^  wxs  post|Miiuil  until  the  next  >tate»l 
meeting. 

On  Mr.  Nystrom's  motion,  sei-onde*!  I»y  Mr.  I^Van,  it  H-as  oniereii 
that  the  reports  Ih'  printed,  and  copifs  th«reof  pla<'<>l  at  the  s«rviw  of 
nu-ndwrs. 

The  S«TOtar>*'s  Kejv)rt  embnu^l  a  rrsunu'  of  the  progress  of  the 
work  on  the  Eh'<'tri<':d  Kxhibilion  ;  a  dt-s^-ription  of  Rarnanrs  Ailju>t- 
able  TelepluMie  l\e«viver.  the  principal  feature  of  whieh  U  a  thnible 
receiver,  one  for  eaeh  ear,  ami  so  arrange**!  n(>on  a  han<lle  as  to  |x>rmit 
it  to  U^  niidily  fittt^l  against  the  e:»rs  of  he:ids  of  all  sirts*.  Thr  devii«e 
frees  the  user  of  the  telephone  froni  the  annoyanee  and  distnution 
arising  from  hx-al  noises.  Clark's  fMirtable  KKvtric  (i:i.>-Light«T. 
.•»ho\vii  on  In'half  of  J.  Chester  Wilson,  of  l*hiladelpliia,  an<l  oi»nsi>ting 
of  a  eond)ination   of  an  ojx'n  eirouit   battery,  and  a    Ruhnikorff  «^)il 
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and  circuit-breaker,  the  whole  contained  in  a  cylinder  of  convenient 
size  to  be  held  in  the  hand,  and  provided  with  a  stem  of  any  desired 
leno-th,  at  the  extremity  of  which  a  spark  is  passed  between  the  poles 
of  the  apparatus,  when  the  circuit-breaking  mechanism  is  set  in  motion 
by  the  movement  of  a  thumb-trigger  in  the  handle,  the  latter  continu- 
ing to  vibrate  long  enough  to  cause  a  sufficient  number  of  sparks  to 
light  the  gas.  The  connections  are  so  arranged  as  to  pass  under  cover 
to  the  stem,  the  outer  slieathing  of  the  stem  forming  one  side  of  the 
circuit,  the  other  side  being  formed  of  a  central  rod  within  the  hollow 
stem,  and  insulated  from  it.  Near  the  end  of  the  stem,  and  opposite 
certain  openings  in  the  hollow  stem  are  the  terminals  of  the  circuit  are 
brought  near  to  each  other,  and  insulated  from  each  other  by  a  plug  of 
steatite.  Across  the  face  of  the  steatite  plug  the  spark  jumps,  when 
the  thumb-trigger  of  the  circuit-breaker  is  sprung. 

B.  T.  Loomis'  improvement  in  Filters  was  also  shown,  on  behalf  of 
R.  A.  Hutchinson  &  Co.,  of  Philadelphia.  The  same  consists  of  a  cylin- 
drical chamber  with  perforated  orifices  above  and  below  to  admit  and 
oarrv  off  the  water,  and  divided  into  two  chambers  by  a  centrally  located 
and  perlorated  copper  diaphragm,  the  perforations  being  fine  enough  to 
prevent  the  escape  of  the  filtering  material.  This  consists  of  granulated 
quartz  in  the  upper  chamber,  and  bone  charcoal  in  the  lower  chamber. 
When  filtering,  the  water  is  pa.ssed  from  above  downwards  through  the 
filtering  materials.  When  it  is  desired  to  clean  the  apparatus,  the  motion 
of  the  stream  of  water  is  reversed  by  a  hand-lever  controlling  a  suitably 
disposed  cock,  so  that  it  enters  below,  and  in  passing  up  through  the 
filtering  material  thoroughly  agitates  it,  and  discharges  the  arrested 
impurities  through  the  washout  pipe. 

Mr.  G.  Morgan  Eldridge  then  read  a  paper  on  "  The  British  Patents, 
Desio-ns  and  Trade-Marks  Act  of  1883,  in  its  relation  to  American 
Inventors,"  which  will  appear  in  the  Journal. 

Prof.  E.  J.  Houston,  after  making  some  introductory  remarks  upon 
^'The  Delany  Synchronous-Multiplex  System  of  Telegraphy,"  intro- 
duced the  inventor,  Mr.  P.  B.  Delany,  of  New  York,  who  gave  a 
lengthy  account  of  his  ingenious  inventions,  assisted  by  diagrams  and 
lantern  .slides.  Prof.  Houston's  paper  on  the  subject  appears  in  the 
Journal  for  January.  The  presiding  officer  expressed  the  thanks  of 
the  meeting  to  Mr.  Delany  at  the  close  of  his  remarks. 

Adjourned. 

Wm.  H.  Wahl,  Secretary. 
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THE  CirEAPKST  POINT  OF  CUT-OPT. 


lly  Wii.i.iAM   Dknms  Mai:ks, 

Whllney  Professor  Dynamlcul  Kiit;li><'<'rlnf;,  Unlvcrslly  of  IVnnnylvaiila. 


In  r('j)ly  t<»  the  criticism  ut'  Prnffssdr  1  >o  Volson  W<km|  in  this  juur- 
nal  for  January,  iH-il,  in  which  he  asserts  that  the  proof"  •;iven  in  mv 
article  on  Cut-otf,  Dccernher,  188.J,  lacks  in  jrenerality,  and  *'  is  e<|iiiva- 
lent  to  Jissuniinjjj  that  thecronstant  charges  rf^rj/ with  the  cost  of  stc-ain," 
J  would  first  express  my  regret  that  Profi-ss^jr  Wood  has  not  given 
some  hiw,  e<|uation  or  exampU*,  instc:id  of  dealing  in  <.'ciienil  assortioii-i. 
It  is  easy  to  follow  ami  criticise;  it  is  hard  t<»  originate. 

The  assumptions  on  wiiiih  my  article  is  based  are  as  follows: 

First.  That  the  constant  charges  are  dej>endcnt  solely  on  wagis,  cost 
of  oil,  interi'st,  insurance,  taxes  and  proUible  ileteri(»ration  <»f  machi- 
nery, and  independent  of  all  else. 

Second.  That  the  }>erson  designing  an  engine  knows  what  horse- 
power is  ex|)ecte<l  of  it. 

It  is  true  that  an  engine  does  u*>t  run  with  exactly  the  same  luid  at 
all  times,  l»ut  an  engine  is  never  designwl  or  bought  by  an  intelligent 
mechanic  without  .some  pn^bable  averag«'  horsc-|>ower  lieing  tixi-d 
upon. 

These  two  are  the  .sole  n.ssumptions  maile,  and  I  do  not  see  how  the 
problem  could  i)e  attacktxl  with  fewer  fixctl  premises. 

The  con.stant  charges  Care  not  "jtsi^umtHl  to  Ik*  a  ixmstant  fraction  of 
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the  cost  of  steam,"  but  may  be  determined   regardless  of  the  cost  of 
steam. 

Whenever  it  is  possible  to  fix  the  constant  charges  on  and  to  design 
an  engine  regardless  of  its  horse-power,  then  will  the  proof  lack  in 
generality.  Until  then,  we  cannot  reduce  the  number  of  our  premises 
below  the  two  stated. 

To  take  a  homely  instance,  John  Doe  finds  that  the  wages  of  his 
engineer  and  fireman,  the  amount  of  oil,  and  repairs,  are  about  the 
same  per  day  for  a  100  horse-power  engine  as  for  a  300  horse-power 
engine.  The  taxes  and  insurance  may  be  slightly  less  in  one  case,  but 
surely  not  enough  to  make  any  great  difference.  John  Doe  has  to  pay 
this  amount  (say  $10  per  day),  no  matter  how  he  varies  the  power  of  his 
engine  or  his  cut-oif. 

Still  John  Doe  has  no  use  for  more  than  150  horse-power  on  an 
average;  all  over  that  would  go  to  waste,  if  it  did  not  work  injury. 

How  is  he  to  get  this  150  horse-powers  for  the  least  sum  of  money  ? 
There  is  no  other  answer  save  this :  by  using  the  least  possible  steam 
per  Jiorse-powei'  per  hour.  Reference  to  my  paper  will  make  it  clear, 
I  trust,  'as  to  how  the  point  of  cut-off  aifects  the  weight  of  steam  per 
horse-power  per  hour,  and  also  fix  the  limits  within  which  physical 
laws  confine  the  expansion  of  steam. 

If  John  Doe  should  ever  require  250  horse-powders  in  the  develop- 
ment of  his  business,  he  would  find  it  cheapest  to  add  100  horse-power 
by  either  putting  in  a  new  engine  of  the  required  power  (250),  so  pro- 
portioned as  to  cut  off  at  the  cheapest  point  of  cut-oif,  or,  by  adding  a 
100  horse-power  engine  to  the  one  already  in  (both  are  assumed  to 
have  the  cheapest  point  of  cut-oif),  without  increasing  his  working 
force. 

This  same  point  was  mathematically  stated  in  my  letter  of  Oct.  20, 
1883,  to  the  The  American  Engineer,  w^ith  the  remark  :  '^  If  I  am  cor- 
rect in  my  premises,  the  method  of  Professor  Kankine,  as  well  as  the 
papers  of  Messrs.  Wolff,  Denton  and  Weightman,  and  of  Professor 
Thurston  must  be  valueless."  There  has  been  no  proof,  of  any  prac- 
tical value,  given  to  the  contrary  of  this  assertion,  or  of  my  original 
position  in  this  journal,  June,  1880,  save  such  limitations  as  I  have 
myself  established  December,  1883.  It  is  true  that  John  Doe,  when 
using  250  horse -powers,  gets  his  power  for  less  per  horse-power  than 
when  using;  onlv  150  in  this  wise. 


Feb.,  1884.]  ^ '*«  C/napttt  J'niut  ftf  ('%U-<iff.  M3 

K<H-konin^  stiam  at  '1')  l•^•llt^  jht  tlii)U'>aii(i  |k»iiim1*.  iiihI  a  Imn^e- 
power  at  'I't  jmmjihIx  of  Htfiiin  |>«r  lnnir- 

Fur  /</0  hnrMf-jMjirfn. 

WaK*"**  Hi»«l  (•<*n«tanl  cliurKCM  |M-r  «luy •  110  Oi* 

KjU  ^,  10   •    lii       37..V)>,  ul  liiceiiUi 9  37 

T«.tal *'"   '" 

('(.Mt  p«r  horM«--fk>Nvor  fier  day,  l-jV  ccntii. 

I'or  ^off  horne'porprrii. 

Wugi'M  aiui  tilhiT  <*<>nMtnnt  fliurKi'M ♦!!  *** 

250  X  10  X  26  =  02,600,  at  25  ccnU 16  82 

Total $2B  rt2 

C<)Mt  jHT  li<)rH«'-|M)W«'r  iKT  flny,  I0i*o  «t»ntM. 

Ill  i-iiher  fow,  JoAii  Dora  only  opportunity  to  narr  money  lira  in  mtr- 
iuf/  utaim  jtrr  Imrsr-pntrrt  ftrr  hour,  aiit)  the  ^n-ntrr  tin-  |>«»\vi'r  uxt\  the 
ni(»n'  nioni'v  ho  nin  Hiivt-  hy  |)n»|>i'r  alt«  iitiuti  to  th»'  |Miint  of  tiit-<»fr. 
It  is  rijfht  hcn>  that  thi^M-  ptith'inoii — I'tofi-K-wnN  iH'  VoUtJii  \Vo«xl 
niitl  Thurston,  hikI  Mt-s-iN.  W'oltV.  I  KmiIoh  aiul  \V«i^'htinan — have 
<l«'<t'ivi'<l  thrins4'| %■••!<,  aiul  iMTin-inili-*!  ihi-  ul«Minlily  «ij"  -^lyiii^  that  you 
can  sjivt'  money  hy  usin^  nutri'  strani  than  i?*  n^illy  nit^r^airy  to  tlo  th«- 
work  «l<'inan*i«-<l. 

It  will  We  Motitl  that  1  hav«-  ina*lr  a  lar^*  allowani*e  ol  $1  |m  r  (hiy 
tot'ovcr  the  inrreau*e  in  tMUHtant  rharjfes*  «lue  to  the  iarpT  sixeof  en^jiiie 
fiMjuire*!  for  li'iH  hor>e-|M>\vrrs  |H»r  dnv. 

The  l>MHint>>^'«  aliilily  of  .lohn  !>•»•>  will  app.-ar  in  hi.s  •M>le<-tion  of  au 
engine,  and  his  hiring  of  attrndant'^,  and  in  lh«'  other  drtaiU  of  otn- 
stant  expeiiHe. 

In  Imyinj;  an  fnt'ine  In-  must  liav«-  knowUtlp-.n  tin-  nH-«li:«iii"'.il  and 
]iliysi«'.d  at'tion  of  strani,  Itut  his  |tnn-lias<-  and  arrnnp-nM-nt-  Uin^j 
made  III'  has  ihuie  with  the  etmstant  ehnr^^i.  and  must  Uiok  to(<i\inomy 
of  steam  as  the  only  mmns  of  -aNi'  "V. 

In  othrr  ironts,  John  I)or  mujtt  ti  (hr  mnat  rronomiral  ptiini  oj 

t'lU-ojf'  for  hia  paiiinJar  cr?*f  from  purriy  phyaiftti  ronaitltrtttiona,  anil 
thrn,  if  hr  can,  huy  an  rni/inr  trhirft  wi/l  «/o  Aw  irork  toilh  that  cut-a^ 
with  thr  IraM  amount  of  ronatant  cJutrpra. 

Jfe  triU  hr  wiarr  if  hr  anlirifMitra  an  inrrraar  of  hnainraa  to  chotmr  a 
out-ojf  a  imU  too  rarly  ralhrr  than  too  htlr  for  grtatrti  rconttiny. 
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The  point  of  cut-off  has,  practically,  notliing  to  do  with  the  con- 
stant charsres,  save  so  far  a.s  it  determines  the  vokmie  of  the  cylinder 
required.  The  cost  of  an  engine  is  not  proportional  to  the  size  of  tlie 
cylinder  but  rather  to  the  amount  of  labor  put  upon  it  as  a  whole. 

Suppose  John  Doe,  finding  out  that  he  must  pay  $26.62,  under  the 
most  favorable  circumstances  for  250  hor'^e-power  per  day,  thinks  he  can 
arrange  matters  so  that  the  constant  charges  will  be  ^10  per  day  and  the 
cost  of  steam  $16.62,  he  has  got  to  make  this  difference  in  the  constant 
charges  in  the  ditference  that  exists  in  the  cost  of  oil,  interest,  insurance 
and  taxes.  This  ditlerence  amounts  to  very  little  in  reality.  As  for 
the  difference  in  oil,  its  amount  is  so  dependent  on  the  care  of  the 
oiler  more  than  anvthing  else  that  it  should  properly  not  be  considered. 

If  we  assume  $1,000  may  be  saved  in  buying  an  engine  less  econo- 
mical of  steam,  we  might  save  $100  per  year,  reckoning  interest,  taxes 
and  insurance,  as  collectively  10  per  cent,  or  $200  if  at  20  per  cent. 

This  assumption  is  improbable,  but  let  us  see  what  it  means  at  10 
per  cent.     The  reader  can  follow  at  20  per  cent.  also. 

One  hundred  dollars  per  year  means  32  cents  a  day,  and  therefore 
if  John  Doe  does  save  $1,000,  he  lias  just  32  cents  to  put  into  steam, 
or  if  he  could  manage  to  save  $1  per  day,  he  would  have  to  reduce 
the  first  cost  of  his  engine  alone  by  about  $3,000,  but  then  the  boilers 
must  be  larger  in  order  to  furnish  4,000  lbs.  more  of  steam  per  day, 
with  equal  economy  of  fuel,  to  be  used  in  the  engine  with  less  economy. 

In  reality  no  saving  could  be  effected,  and  we  can  safely  set  off 
against  any  possible  saving  effected  by  diminishing  the  size  of  the 
steam  cylinder,  the  greater  cost  of  increase,  logically  required  in  the 
size  of  the  boilers. 

The  question  of  high  speed  or  slow  speed  has  nothing  to  do  with 
the  point  of  cut-off,  and  often  very  little  with  the  question  of  first 
cost.  It  is  a  matter  in  which  sound  mechanical  judgment  or  expe- 
rience must  appear. 

I  have  assumed  John  Doe  to  be  a  manufacturer,  who  wisiies  to  do 
that  thing  which  at  the  end  of  a  year  or  ten  years  is  most  profitable, 
and  not  a  person  cramped  for  capital. 

The  difference  in  deterioration  of  engine  and  boilers  is  neglected 
and  the  wages  of  engineer  and  fireman  are  assumed  to  be  the  same  in 
both  cases.  Deterioration  practically  depends  far  more  on  the  care 
given  than  anything  else. 

In  the  case  of  an  engine  already  erected,  the  owner  naturally  will 
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licsitato,  liowcvi  r  well  iiilurinctl  lie  may  bu,  iK'fore  undertaking  the 
trouble  and  expense  of  ciiangin^  IiIh  engine  until  a  considerable  excess 
of  its  cheapest  jwwer  is  demanded  of  it,  and  from  a  Hnan<iai  |K>int  of 
view  1k!  right  in  disregarding,  to  a  certain  extent,  the  saving  of  steam. 

In  lhes(;  matters  there  is  always  room  for  go«;il  judgment,  i>ut  it 
should  be  bunie  ill  miiid  that  fml  and  steam  from  it  are  di.sapi)earing 
all  the  time,  and  that  a  saving  of  one  dollars'  worth  «»f  sti-am  j>er  day 
is  efjiiivaleiit  to  a  saving  in  first  cost  of  plant  of"  from  J?l,"i<-)0  to  l?.i,<J(A>, 
and  therefore  we  are  financially  as  well  as  from  a  physical  |K)int  of 
view  justified  in  neglecting  the  constant  <;harges,  in  determining  the 
point  of  cut-oH". 

If  the  reader  will  refer  to  Ilaiin  &  Gener,  on  the  steam  engine, 
j)age  115  (publishe*!  I.K>ndon,  Kng.,  1854),  he  will  there  find  the  fol- 
lowing equation 

(I       volume  at  |)ressure  I* 
('       volume  at  pressure  P' 

wliieh  is  derive<l  from  the  formiihe  i>f  I'ambour. 

Ill  tills  foniiiila,  if  we  aasunie  the  pressures  inversely  as  volumes, 
the  result  is  the  same,  as  that  given  in  my  paper  of  .Iiine,  l.SHO,  by  an 
original  method  and  without  Unowledgi-  of  their  method  or  results. 

I  may,  however,  lay  claim  to  having  originally  shown  tiie  limita- 
tions of  expansion  to  Ik*  ilependent  s<»lely  upon  physii^l  c:iuscs.  [The 
*'  Limitations  of  the  Steam  Engine,"  JoruNAL  Fkanklix  Institctk, 
August,  ISSO,  and  "The  Cheapest  Point  of  Cut-off,  December,  18.S3.] 

Also  to  having  shown  the  influence  of  clearance  and  compression 
upon  the  point  of  cut-off  (JoiKSAL  Fkanki.in  I.NSTITITK,  I)ec«'nd>er, 
188.)),  and  the  relation  probably  existing  between  the  weight  of  steam 
from  boiler  ami  the  weight  of  steam  by  indiaitor  |K"r  horse  |X)wer  per 
hour  (JoiTRNAL  FiiANKl-ix  I.NsTiTUTK,  January,  1884).  I  crave  the 
readers  pardon  for  prolixity  in  such  simple  matters,  and  for  a  self- 
assertion  forceil  upon  me. 

With  regard  to  e<piation  (5)  to  which  Prof.  Wooti  has  taken  exce|>- 
tion,  I  would  say  that  c  is  a  function  of  the  m<^-an  etlW'tive  pressure, 
is  so  written  and  so  u.s«'d,  and  that  shrewd  and  >killful  matliematiiians 
Lave  found  no  ambiguity  in  it. 

To  repeat  again  what  I  have  Niid  in  thi>  journal,  Dec.,  I8is;^,  (.  = 
the  constant  chargi^s,  in  dollars  and  cint-,  .ind  I-  M^^ninttl  u,  n  niiin  •» 
constant  after  once  being  fixe<l  upon. 
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The  proportion  from  which  equation  (5)  is  derived  is  this : 

gV  :  eV  ::  constant  charges  per  day  (C)  ;  cost  of  steam  per  day  for 
a  cut-oif,  e,  and  a  given  horse-power. 

c  is  not  a  constant,  as  stated  by  Prof.  AVood,  nor  is  it  said  to  be  a 
constant  in  my  paper ;  it  is  a  function  of  the  mean  effective  pressure. 

If  fallacy  tliere  be  in  what  I  have  written,  it  must  be  found  in  the 
above  proportion. 

The  question  squarely  at  issue  between  myself  and  my  critics  is  this : 

Do  the  constant  charges  have  the  effect  of  making  the  cheapest  point  of 
cut-off  later  than  it  would  appear  to  be  from  a  purely  physical  considera- 
tion } 

I  have  asserted,  and  believe  I  have  proved,  that  they  do  not.  I 
would  further  add  that  I  am  convinced  that  the  ratio  exi.sting  between 
the  actual  steam  from  boiler  and  the  steam  by  the  indicator  diagram 
in  Jio  wise  affects  this  question. 

More  knowledge  of  the  law  of  this  ratio  may  affect  the  point  of 
cut-off,  but  will  not  involve  the  constant  charges. 

The  mere  assertion  of  so  distinguished  a  mathematician  as  Prof. 
Wood  carries  so  much  weight  that  it  is  a  duty  which  he  owes  to  him- 
self and  to  the  writer  to  give  the  most  careful  consideration  to  the 
point  at  issue,  and  either  prove  the  writer's  error  unmistakably,  or  to 
fairly  acknowledge  his  own,  in  as  public  a  manner  as  he  has  seen  fit  to 
publish  his  condemnation. 

It  is  a  question  that  not  only  involves  himself,  but  also  all  his  col- 
leagues giving  instruction  in  engineering  in  the  Stevens  Institute. 

Since  writing  the  above  I  have  received  an  interesting  letter  from 
Mr.  J.  W.  Thompson,  of  Salem,  Ohio.  His  success  as  a  practitioner 
has  been  so  great  as  to  render  what  he  says  of  interest  to  all  engineers, 
so  I  take  the  libei'ty  of  publishing  his  letter,  in  part : 

Dear  Sir  : — We  heartily  agree  with  you  that  some  reliable  experimental 
data  are  badly  needed  to  establish  a  reliable  scale  of  '' uniiidicated  loss" 
for  different  points  of  cut-off,  other  things  equal  ;  but  we  regret  to  have  to 
say  that  we  are  unable  to  contribute  anything  of  value  in  that  direction. 
We  have  long  been  aware  tliat  the  "cheaijest,"  or,  as  we  would  have  put  it, 
the  most  economical  point  of  cut-ofF  was  considerably  later  than  that  at 
which  the  best  results  could  be  figured  theoretically  from  the  diagram  ;  but 
just  where  the  cheapest  point  is,  all  elements  of  cost,  including  interest  on 
investment,  being  taken  into  the  account,  we  arewilling  to  humbly  sit  at  the 
feet  of  any  "Gamaliel"  who  can  inform  us.  In  the  absence  of  any  such 
positive  knowledge  we  have  been  content  to  assume  that  about  quarter  cut 
with  steam  ranging  from  75  to  90  pounds  cannot  be  far  wrong ;  at  all  events, 
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it  is  not  too  l:iU-,  :iiiil  if  it  in  too  early  tli<rf  is  tliis  coriiiteiiHUtion,  that  iiio^t 
••iiMtoiiitTM  will  Im-  far  l>«-tt*T  r*atislii  <l  if  tlu-y  di^'uver  that  tliry  liuve  hii^litly 
too  imicli  powtr  for  tlie  lii-wt  iconoiny  tiuiii  if  tlu-y  have  not  enough,  uiiil 
then  almost  everybcxly  e.xpeetM  t<>  inereum;  their  hui^ineMt  in  the  neiir  futiirt", 
and  woiiM  rather  i)ay  Hli^fhtly  too  niiu-h  jht  horMj-ixjwer  at  firvt  than  take 
the  rislv  of  soon  ln-in^  overloaded.  Hen<-f.  for  jiurely  coinniereial  n-a.^ont*, 
then*  in  no  very  urgent  nee<l  for  the  eoveted  kiiowledjfe;  we  woiiM  n<it, 
prol)al»ly,  see  any  reason  to  depart  from  the  "  i|uarter  «nit  "  rule  if  we  had 
it,  e.x«'ept,  p«rliaps,  in  cast  s  wlu-re  the  duty  wa.s  e.xaetly  known  hefon-hand, 
and  was  s(ilije<t  to  no  lliictiiations,  and  no  |>ossil>ility  of  future  ini-re]i.se. 
Y«'t,  for  the  sake  of  seientillc  Hati^facfion.  and  for  praetiea!  u*w  in  the  fi-w 
eases  where  it  could  he  applied,  we  would  he  nnieh  pUiistMl  to  have  the 
desired  iiiforniatioii. 

From  sUi-h  data  as  can  he  ohtaioed  it  appears  that  alHiut  the  he?tt  that  ran 
he  done  under  the  liest  e<»nditions  hitherto  existin;:  wInn  careful  economic 
ti>sts  wen*  heintr  nnide,  is  to  nuike  the  diagrams  li<.'ure  within  near  ".H)  per 
cent,  of  the  a<-tual  consumption.  And  when  such  re>ull.s  are  resM-hed  it  is 
likely  that  it  is  du<-  almost  entirely  to  that  unavoi<lah|c  condensation  of 
the  induction  steam  in  the  cylinder  hy  itn  recently  refri^enited  walls,  a 
theory  with  which  you  iireof  eourMc  perfectly  familiar.  ('(uideuHation  fnun 
radiation  into  the  atmosphere  can  he  so  nearly  prevent*-*!  hy  nouMtuiduct* 
ill);  «'overin)f  an<i  los.s  t'roin  leakaue  can  he  so  marly  previ-ntetl  hy  \•^\^H\ 
workmanship  and  attention  to  packing;  and  adjustment-',  tintt  the  proMeni 
is  r»diiccd  almost  entirely  to  the  tpu'stion  of  inter-cylind«-r  condensation  — 
how  nuich  it  is  av'^jravati-*!  hoth  al>solutely  and  pro|Mirtionately  hy  hi^h 
^^radcs  (if  expansion.  Lossi-s  from  the  other  causes  nanu*<l  will  not  vary 
greatly  with  varying  expansion,  at  lea.st  not  pro|Hirlionalely,  and  |Krhaps 
not  );reatly  ahsolutely.  Ilenee,  the  ni«)re  nearly  tlie  loss  is  cnntlned  to  llie 
umiv«)idah!e  source  when  tt-wts  are  helnj?  made,  the  mort"  ndiahle  will  l>e 
the  n-sult-s  with  reference  to  the  ipii'stion  under  i-onsideration. 

There  was  fornu-rly  in  our  employ  a  younj;  nuin,  hy  name  Jess«-  War- 
rin^rton,  who  wa-s  soinelhiiii;  of  a  prixli^^y  in  the  way  of  tpiiek,  instinctive 
an<i  short-cut  mathematics.  Away  hack  in  the  '7(>s,  alKtut  l'»74,  if  we  mis- 
take not,  he  su^r^ested  to  tlu'  writer  that  ther*-  mi^ht  he  a  constant  tl^ured 
out  which,  when  divided  hy  the  prtKluct  of  the  mean  etl'cctive  pre>sure  ami 
the  volume  of  the  total  terminal  pre}<»«ur»',  would  jjive  the  tlutiretiesil  nite 
of  water  consumption,  independently  of  any  knowletlKe  of  the  hi/.e  and 
speed  of  the  engine.  Acting;  on  the  hint.  I  tl>;ured  one  out,  it  iM-in^;  ohvi- 
ously  the  consumption  of  water  |M'r  indicated  hor.se-power  |K-r  hour  of  an 
engine  suhjectcii  to  one  |Miund  maximum  elllcient  pn^Mure,  and  driven  hy 
solid  water  insteail  of  steam.  The  prtK-ess  wa.s  a.s  folloWH:  A  liors«-|M>wer 
hi'in^c  .'{.'{, 0  K»  foot-|toundH  per  minute,  It  will  Im*  ii;{,7«K).(>  H»  ineh-|Mtunds  jkt 
ln»ur;  this  divitle«l  hy  27  tils,  the  numher  of  euhlc  inches  in  a  iMniml  ttf 
water  when  a  cuhlc  f»M>t  weighs  »»L*-.*»  |H)und.4,  ulven  sr>t),.S7*t,  and  I  reniemlurr 
helng  8omewhat  Htruck  with  the  singular  fact  that  the  cnleulation  eoiueit 
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out  exactly  even,  without  a  fniction.      — J nl.m>  pives  It. 

Your.s  truly, 

J.  W.  rii«».Mi*s<.>N  (Buckeye  Engine  (.o.  . 
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The  rule  given  by  Mr.  Thompson  was  mentioned  as  "  the  usual 
rule"  in  this  journal,  Jan.,  1884,  page.*^  1  to  5.  I  am  pleased  to  be 
able  to  give  the  credit  to  its  originator. 

Several  typographical  errors  occur  in  the  formulae  in  my  papers  in 
this  journal,  Dec,  1883,  and  Jan.,  1884.  These  can  be  readily 
detected  by  the  skilled  mathematician. 

On  page  4,  line  7,  of  this  journal,  Jan.,  1884,  "clearance  included" 
should  have  read,  clearance  not  included. 


AN  INVESTIGATION   LOCATING  THE  STRONGEST  OF 

THE  BRONZES. 


By  W.  Ernest  H.  Jobbins,  M.  E. 


Triple  Alloys  of  Copper,  Zinc  and  Tin. 
General  Introduction. 

It  is  thought  better  to  preface  this  report  upon  the  investigation, 
conducted  by  the  author,  with  a  short  resume  of  what  had  previously 
been  accomplished  by  MM.  Wertheim  and  Riche,  Professor  R.  H. 
Thurston,  and  Mr.  Maurice  I.  Coster. 

These  earlier  investigations  furnished  the  foundation  for  the  present 
one,  the  author  commencing  at  the  point  to  which  the  others  had 
brought  the  work.  This  report  is,  throughout,  necessarily  very  con- 
ci.se;  but  the  results  indicate  clearly  \vhere  the  .strongest  alloys  will  be 
found. 

The  subject  has  been  divided  into  five  parts ;  each  one  being  a  sepa- 
rate and  distinct  investigation,  though  at  the  same  time  an  eif  jrt  has 
been  made  to  form  a  continuous  report.  Of  course.  Part  V  is  the 
most  important  portion  of  this  report,  for  the  previous  investigations 
have  been  reported  and  discussed  a  number  of  times,  and  it  is  to  this 
part  especially  that  attention  is  called. 

It  will  be  seen  that  the  "strongest  alloy"  has  been  decided  upon 
and  that  the  area  containing  the  best  ground  for  future  investigation 
has  been  reduced  to  a  minimum ;  and,  furthermore,  the  conclusions 
arrived  at  from  the  results  of  earlier  work  in  this  field  are  confirmed 
by  the  Investigations  here  to  be  described. 
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I'.MM    I. 
Jie.ftefirrhf>t  of  WfrUtthn  ami  Rirhe. 

The  following  is  an  ab.stract  from  a  "  K<*|>ort  on  the  Elasticity  and 
Tenacity  of  the  Alloys,"  hy  M.  (J.  Werthcim.' 

"  In  an  earlier  |»a|)er  which  I  had  the  honor  to  present  to  the 
Academy  durinj^  the  session  of  July  l.Sth,  1842,  I  con.sidere<l  the 
mechanical  j>ro|Mrtics  of  the  .simple  metal.-.  After  having  examined 
and  compared  the  different  nietlunls  (»f  .stutlying  elasticity  in  relation 
to  ordinarj'as  well  a.s  to  hi<^h  tem|)eratures,  I  applie<l  these  metho<ls  to 
the  pure  metiils  and  obtainetl  results  of  which  I  will  desorilx.'  only 
those*  which  serve  as  the  ha-sis  of  this  new  work. 

"  It  was  nuule  known  hy  these  experiments :  1st.  That  the  ctjeffi- 
cient  of  elaijticity  is  not  eonsUint  for  the  >ame  metal,  hut  that  it  changes 
with  <len<ity  and  in  tiie  same  way.  2d.  That  l<tn;^'itudinal  an«l  trans- 
verse vibrations  in<lic:ite  a  coefficient  of  elasticity  a  little  grc.iter  than 
that  ileducetl  l»y  direct  elongation.  3<1.  'i'liat  ex|Kriment  agrei-s  with 
tlu-ory  as  to  the  relation  which  shoidd  e.\i>t  Ixjtween  the  i-oefticient  of 
eIasti<Mty  and  the  mean  distam-e  l)etw«"en  the  mok^'uh^  ;  that  is,  when- 
ever, in  the  s;une  metal,  this  distance  InM-umes  greater,  the  <"oetIicient 
of  elasticity  diminishes,  and  reciprocidly  ;  consi-quently,  the  ditVerent 
metals  form  the  same  series,  whether  arrangetl  ac«-t>nling  to  their 
I  ocllicirnts  of  ela.-ticity  or  ait'ording  to  the  pro.ximitv  of  their  molecules. 
lih.  That  iIh'  pHMluct  ot"  the  coefficient  <»f  elasticity  by  the  jM'venth 
power  of  the  mean  niative  ilistanci-s  of  th«'  niolectde:!!  is  the  same  for 
the  gn-ater  part  of  the  metals. 

"  In  this  seconil  pajHT,  which  I  have  the  honor  t«»  pn-si'nt  to  the 
Academy,  my  t)bject  is  to  see,  Hr>t,  if  these  laws  are  wpudly  applicable 
to  alloys;  then  to  ascertain  whether  the  mechanic:d  projK'rties  can 
:issist  US  to  an  understanding  of  the  arrangement  of  the  molei-ules  of 
the  constituent  metals  of  the  all(»ys  ;  and,  finally,  to  seek  for  s*»me 
rclati(»ns  iHtweeii  the  pr<>p«Ttics  of  the  alIoy>  ami  thosi'  of  the  om- 
stitncnt  metal-.  The  alloys,  with  the  ex»vption  of  brass  ami  of  UIl- 
metal,  have  imt  yet  Ihhmi  sludie<l  as  to  their  elasticity.  The  cohesion 
of  the  alloys,  on  the  c»>ntnirv.  has  l)c<'n  the  obje«'t  of  a  h»ng  series  of 
experiments,  esiKtially  by  Musihenbroek  and  Knrnuirsh,  but  as  yet, 
no  general  law  has  been  found.     The  alloys  which  I  have  iLsetl  in  my 

•  Comptea  Bcndu*.  vol.  in.  1S4.-,.  pp.  978-1000. 


90  Locating  the  Strongest  of  the  Bronzes.         [Jour.  Frank.  Insi ., 

experiments  have  been  made,  in  part,  of  the  purest  metals  of  com- 
merce, and,  in  part,  of  the  metals  employed  in  my  former  researches. 
After  mixing  them  well,  I  stirred  them  frequently  while  in  fusion, 
then  poured  them.  The  ductile  alloys  were  drawn,  the  others  filed,  to 
the  requisite  size.  When  the  alloys  were  composed  of  metals  whose 
specific  weights  were  very  different,  or  when  they  exhibited  inequali- 
ties of  color  or  of  malleability,  I  made  analyses  of  parts  taken  from  the 
two  extremities  of  the  cast  bar ;  consequently,  with  these  analyses,  I 
was  obliged  to  reject  a  large  number  of  non-homogeneous  bars.  My 
experiments  were  made  upon  fifty-four  binary  alloys  and  nine  ternary 
alloys,  among  which  are  found,  also,  most  of  the  alloys  employed  in 
the  arts.  These  experiments  gave  the  following  results  :  1st.  If  we 
suppose  all  the  molecules  of  an  alloy  to  be  the  same  distance  from  one 
another,  as  seems  natural,  we  find  that  the  smaller  the  mean  distance 
the  greater  is  the  coefficient  of  elasticity.  We  notice  frequently  some 
exceptions  in  the  series  of  alloys,  and  further,  the  product  of  modulus 
of  elasticity  and  the  seventh  power  of  the  distance  of  the  molecules, 
which  is  almo.st  constant  for  simple  metals,  varies  greatly  in  the  alloys. 
It  is  possible  that  another  hypothesis  of  the  molecular  arrangement 
will  cause  this  objection  to  disappear.  2d.  The  coefficients  of  elasticity 
of  the  alloys  agree  sufficiently  well  with  the  mean  of  the  coefficient  of 
elasticity  of  the  constituent  metals,  some  alloys  of  25inc  and  copper 
being  the  only  exceptions.  The  condensations  and  expansions  which 
occur  during  the  formation  of  the  alloy  do  not  sensibly  affect  the 
coefficient.  We  can  thus  calculate  beforehand  what  should  be  the 
composition  of  an  alloy,  in  order  that  it  may  have  a  given  elasticity, 
or  that  it  may  conduct  sound  with  a  given  rapidity,  provided  that  this 
elasticity  or  this  velocity  fall  within  the  limits  of  the  values  of  these 
quantities  for  the  known  metals.  3d.  Neither  the  tenacity,  nor  the 
limit  of  elasticity,  nor  the  maximum  elongation  of  an  alloy  can  be 
determined,  a  'priori,  by  means  of  the  same  quantities  as  determined 
for  the  metals  which  compose  them.  4th.  The  alloys  act  like  the 
simple  metals  as  to  longitudinal  and  transverse  vibrations,  as  well  as 
elongation." 

The  next  paper  of  interest  is  one  by  M.  Alfred  Riche,  which  ajjpears 
in  the  same  publication  seventeen  years  later,  and  in  which  he  remarks : 
"There  is  no  study  more  generally  neglected  than  that  of  the  metallic 
alloys.  This  very  general  neglect  is  due  to  the  fact  that  the  character- 
istics upon  which  we  rely  in  determining  the  purity  of  substances  are 
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u>iiJilly  inaj»|)li<al*I('  to  these  su^^tanct"??,  llnir  HM-Itiii^  {Kjint.-,  tvtii, 
citiinot  lie  (Ic'lerrnine*!,  either  Ixicansc  .•^-paration  takes  place  lioforo  thev 
attain  their  hij^he^st  tern |M'r:it arcs,  or  lK'cau.se  we  Imve  no  pred.*)*'  laeaiiH 
/or  <le(<  rmiiiiiijx  sucli  high  t«'iii|>eiatiire?i." 

M.  Riche  then  g«)es  on  to  prove  "that  the  erv.xtalline  form  is  not  u 
gauge  of  their  purity,"  and  that  the  pre<'i.se  determination  of  the  jKjint 
of  nieltinj;  and  of  >oli(lifi«-:ition  is  oft»n  pn-vente«l  hv  li<|iiatioii.  It 
was  this  latt<'r  property  that  enahh"*!  M.  Kudl»erj;  to  prove  the  exist- 
( in-e  ul'  triH-  «|ii'iiii<al  eoinhinations  among  the  nutnerous  aMovs  of  the 
two  nutals;  hut  it  can  only  Im«  utili/.c<l  in  a  few  (u^e-  where  the  |K>inL 
to  be  determined  i.s  tliat  of  the  meltinj;  of  aMov.s  at  hiw  temperatures, 

M.  Riehe  (h)es  not  irive,  in  this  pajM-r,  any  information  al)out  either 
copper-tin  or  copjK'r,  zinc  and  tin  aMoy.'»,  continin<,r  liitn>elf  to  tho«e  of 
tin  and  h-ad,  tin  and  hismuth,  h>ad  and  hisinuth,  and  antirnonv  and 
h-ad.  liiit,  in  a  hitcr  paper,  we  tind  the  foMowiii;:  mo>t  vahiaMe 
information  rehiting  to  the  aUoys  of  cop|K'r  and  tin,  with  rt>|)tvt  to 
their  density,  liipiatloii  and  fu>ii)ility  : 

Dnvtiti/. — The  first  d»'tcrminations  were  made  on  liar-^  wei<;hing  from 
50  to  60  grammes;  hut  such  great  variations  were  found  to  exi.«t  in 
the  te.vture  of  the  ditlcrent  aUoys,  that,  in  suhMfpicnt  invi'stig-ations, 
the  materials  were  reduce<l  t(»  powder.  There  wen."  great  variations 
in  the  expansion  of  the  alloys;  it  inen'ase<l  ipiite  n-gularly  from  tho>e 
rich  in  tin  up  to  the  alloy  SnCu',  and  attainetl  a  maximum  when  the 
tin  and  cop|K'r  were  in  the  illation  (»f  1  . .'{. 

Luiuadon.  -li\  oriler  ti»  exhihit  thi^  chanieteristie  the  material  must 
l)c  stirred  at  the  moment  of  soliditiaition,  in  onler  to  .-^parate  the  little 
drops  (»f  metal  from  the  cry>tals  alretuly  formed.  The  f.ill<»\ving  tahh' 
shows  the  rt-sults  obtained  on  the  la-t  jHirtiun  left  li«|uid  in  a  m:iss 
wi'ighing  1,(MK>  to  1,200  gmmmes.  From  this  it  will  U' stt-n  that 
there  is  no  apprtnialtU'  liipiation  in  the  cfio  of  the  alh»vs  SnC'u''  and 
SnCuV 

FimbUHy. —  In  making  thi8«leterminati<»n,  the  thenno-ele*>tri<- eiMipIe 
'•f  platinum  and  palladium  of  M.  lieapierel  w:is  luseti  l»y  M,  Kiilie, 
Weber's  netnlle  Uing  «'m|>l(»ye«l  instead  of  the  onlinarv  .    '  leter, 

on    atvount  of  its    JHing    much    more   sensitivt-.      This   :i:  -   w:lh 

made  by  M.  [{ulunkolf.  It  was  found  that  tiie  .•M.lidiliintiou  of 
the  alloys  SnCir^  an«l  SnC'u*  t»M»k  plair  at  a  tem|HTatun'  internieiliate 
b.'tween  the  jxtint  of  fusion  of  autinjony  and  the  Iniiling  |>oint  t»f  i-ad- 
niiiMM.      Liquation  prevents  au  exact  result  being  obtainevl  except  with 
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Table  I. — Composition  of  Alloys. 


Formula  of  Alloy. 


Calcnlatert 
Weiglit  or  Tin. 


Sn»Cu... 
Sn»Cu.. 
Sn«Cu.. 
SnCu.... 
SnCu«... 
SnCu».. 
SnCuV. 
8nCu»... 
9nCu«... 
SnCu"... 
SnCu'.. 
SnCu>". 
SnCu'i.. 


WeightofTin 
as  Found. 


98-50 
96-99 
94-40 
82-83 
50-42 
37-29 
31-15 
27-76 
25-17 
24-85 
24-62 
24-50 
14-35 


the  alloys  SnCu^  and  SnCu*,  in  which  the  liquation  is  insensible.  M. 
Riche  says:  "I  stated,  as  Calvert  and  Johnson  had  previously  shown, 
that  copper  and  tin  exhibit  maximum  contraction  in  the  alloy,  SnCu', 
contrary  to  the  opinion  of  other  experimenters  who  have  maintained 
that  contraction  increases  with  the  proportion  of  tin."*  As  M.  Riche 
worked  on  alloys  reduced  to  fine  powders,  and  the  other  experimenters 
used  ingot  metal,  there  were  differences  between  his  figures  and  theirs- 
In  regard  to  the  fusibility  of  metals  which  melt  at  high  tempera- 
tures, M.  Riche  states  that  he  has  tried  various  methods  of  making 
this  determinalion,  and  that  the  only  one  that  can  be  practically 
applied  is  that  of  the  thermo-electric  ])yrometer,  formed  by  the  junc- 
tion of  wires  of  platinum  and  palladium;  but  as  I  have  not  had  the 
time  to  enter  into  this  jiart  of  the  work  in  my  own  investigation,  I 
shall  not  stop  to  describe  M.  Riche's  experiments.  As  for  his  results 
relating  to  the  density  of  the  alloys  of  copper  and  tin,  they  verify  the 
known  fact  that  copper  and  tin  contract  in  uniting.  Still,  when  the 
proportion  of  the  tin  is  very  high  the  reverse  seems  to  take  place,  but 
the  difference  is  very  slight.     It  is  an  understood  fact  that  the  contrac- 


*  Briche,  Traits  de  Chemie  de  M.  Dumas,  tome  iii,  p.  512. 
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tion  is  very  slight  anil  re<;iilar  uj)  to  the  alloy  SnCu' ;  that,  from  thib 
point,  it  increases  suddenly  till  it  reaches  a  maximum,  when  the  copper 
and  tin  are  in  the  relation  of  .'}:1.  IJci^innin";  with  the  alloy  SnC'u', 
the  density  first  diniini-hcs  and  then  increases  (juite  regularly  ;  but  the 
density  of  the  alloys  richer  in  copj>er,  as  cannon  bronze,  Is  inferior  to 
tliat  of  the  alloy  SnCn',  wjiich,  however,  c<jntains  only  Gl"79  j>er  cent, 
of  copiK-r.  While  all  the  preceding  have  the  grey  line  of  tin,  and 
while  those  that  follow  are  white  or  yellow,  this  alone  is  distinguished 
by  a  bluish  color.  It  exhibits  no  liquation,  for  after  four  successive 
fusions  the  last  soli<liHed  product  possessed  the  c(»inj)osition  that  it  had 
imme<liately  after  the  Hrst  easting.  Consequently  the  alloy  SnCu'  is, 
in  the  series  of  alloys  of  copper  and  tin,  what  tiie  alloy  Ag'Cu*  is  in 
the  series  of  all(»ys  of  copper  and  of  silver.*  The  hanlness  increases 
from  tin  to  the  alloy  containing  copper  and  tin  in  the  relation  of  their 
equivalents.  From  this  alloy  up  to  that  which  corresjponds  to  the  for- 
mula SuCu'  the  metal  is  too  brittle  to  be  assayed. 

Part  II. 
Research  of  Projensor  U.  II.  Thiirnlon. 

The  following  is  a  resume  of  a  part  of  the  valuable  work  performed 
by  Prof.  R.  H.  Thurston  as  "Chairman  of  the  Committee  aj)pi>intt'd 
by  the  U.  S.  Board  appointeii  to  test  Iron,  Steel  and  other  metals," 
confining  this  second  |)art  ot  this  pa|Kr  to  hi>  studv  of  the  allovs  of 
copper  and  tin. 

In  IsT'.ta"  Iveportona  Preliminary  Investig-ation  of  the  Proi>erties 
of  the  Copper-Tin  Alloys"  was  niatle  by  the  "  committee  appointtxl  by 
the  U.  8.  Poanl  appointctl  to  test  Iron, Steel  and  other  metals,"  Prot.  K. 
H.  Thui'ston,  chairman.  This  tH>mmitteodetermineil  the  strength,  duc- 
tility, resilience,  and  other  mechani<*j»l  propertiesof  the  allovs  of  copper- 
tin  cast  in  the  form  of  baiN  *J>S  inche-  long  and  1  inch  s<juare  in  section, 
prepared  from  thel>est  commercial  metal>,but  without  >|Hiial  precaution, 
onlinarv  <-are  b«ing  taken  only  to  obtain  ginxl  castings;  the  intention 
having  lux'n  to  make  a  later  >tudy  of  pure  allovs.  It  wa>  desin-rl  to 
learn,  besides  the  projH'rties  of  each  particular  alloy,  the  laws  which 
connected  the.se  pix>i>erties  with  the  pn)|K)rtions  of  the  component 
metals,  and  also  whether  alloys  mixeil   in  the   simple  projx>rtions  of 


♦  Annates  de  Cheniie  et  de  Phys.,  3d  s^rle,  tome  xxxvi,  p.  19,H. 
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the  chemical  equivalents  of  the  component  metals  possessed  any  advan- 
tao-e  over  other  mixtures.  Two  series  of  these  allovs  were  made,  the 
first  consisting  of  twenty-nine  bars,  of  which  twenty-three  were  mix- 
tures of  the  metals  in  atomic  proportions,  four  were  mixtures  made 
without  regard  to  the  atomic  proportions,  and  the  remaining  two  were  a 
bar  of  copper  and  a  bar  of  tin  each  without  admixture.  The  second  series 
comprised  twenty  bars,  ranging  from  97'5  per  cent,  copper  and  2*5  per 
cent,  tin  to  97.5  tin  and  2'5  copper,  with  a  regular  difference  of  compo- 
sition between  consecutive  bars  of  5  per  cent.  In  addition  to  these  al- 
loys, a  few  other  bai*s  of  cast  copper  were  made  and  one  of  cast  tin.  Tlie 
metal  for  each  liar  was  weighed  with  the  greatest  care  in  the  Physical 
Laboratory  of  the  Stevens  Institute  of  Technology  on  a  balance  made 
by  Messrs.  Saxton  &  Bache  for  the  U.  S.  Bureau  of  Weights  and 
Measures.  The  metal  weighed  out  for  each  bar  was  4*5  kilogrammes 
and  the  weio-hing;  was  made  in  all  cases  to  within  one-tenth  of  a 
gramme,  the  balance  being  sensible  to  a  very  much  smaller  weight. 
The  error  in  weighing  was  less  than  O'OOOOo  of  the  whole.  The 
principal  observer  was  Mr.  Wm.  Kent.  The  bars  were  cast  with 
equal  care,  in  some  cases  being  recast  two  or  three  times  in  order  to 
obtain  a  perfect  casting.  Chemical  analyses  of  these  bars  Avere  made 
and  a  table  was  then  formed  showing  the  variation  of  weight  occur- 
ring during  the  operation  of  casting.  These  pieces  were  then  brought 
to  the  desired  form  and  size  and  subjected  to  transverse  stress,  to  ten- 
sile stress,  to  torsional  stress,  and  finally  to  stress  by  compression. 

From  the  results  of  these  tests  tlie  following  conclusions  were 
arrived  at :  That  the  relation  which  the  variation  of  composition 
bears  to  the  percentage  of  co|)per  and  tin  in  the  original  mixture  does 
not  follow  any  regular  law  dependent  upon  the  proportions  of  the 
metals.  In  general,  there  ajipears  to  be  a  greater  loss  of  tin  than  of 
copper  in  the  bars  which  contain  the  greater  percentage  of  copper,  and 
a  greater  loss  of  copper  than  of  tin  in  the  bars  which  contain  the 
larger  percentage  of  tin,  and  that  the  bars  which  contain  about  equal 
amounts  of  the  two  metals  show  great  tendency  to  liquation. 

In  the  alloys  which  contain  less  than  35  per  cent,  of  tin  by  original 
mixture,  there  is  a  greater  loss  of  tin  than  of  copper,  with  but  three 
exceptions.  In  the  alloys  containing  more  than  70  per  cent,  of  tin 
there  is  a  greater  loss  of  copper  than  of  tin,  with  only  one  exception. 
In  all  of  the  alloys  of  these  two  classes,  the  extreme  variation,  of  a 
single  analysis,  from  the  original   mixture  is  3"6  per  cent.,  and  gene- 
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rally  it  is  lc.s.<  than  one  )Mr  rent,  hi  tin-  alloys  U'twrt-n  tlu-st-  lituits, 
or  those  containing  Ix'twccii  .>">  and  7n  ptr  cent,  of  tin,  there  are  .s^>me 
bars  which  show  gn'ut  li<|iiation  and  otiiers  which  >how  very  little. 
The  plotted  curve  at  this  portion  of  the  series  is  consefjiiently  very 
irregular  and  fails  to  itxlicate  any  definite  law.  It  only  seems  to  sli«)\v 
that,  in  tliese  coin|M»sitions,  there  is  a  great  tendency  to  liquation, 
which  may  or  may  not  take  |)Iare,  a<^T-ording  a-  ef-rtain  pn^-aution^  are 
or  are  not  observed  in  casting.  In  the  l»ar>  of  whirh  analy.-«-s  >how«-«l  a 
great  amount  of  li(|uation,  it  was  uniformly  the  ejise  that  the  upjK'r 
part  of  the  bar  contained  the  larger  |)en'<'ntage  of  cop|>er,  and  from 
the  appearance  of  the  frai-tun-s  of  ditferent  portions,  fr<»m  the  varia- 
tions in  hanlness  and  in  other  properties,  as  well  as  from  .some  analy- 
ses and  determinations  of  densities  made  of  different  |K»rtions  of  the 
bar,  it  aj>|M'ars  that  there  was  a  ix'gular  increase  in  j>ercentage  of  co|>- 
per  from  tin*  bottom  to  the  top,  and  that  there  was  no  distinct  plane 
of  separation  between  two  ditferent.  but  <lefinite,  com]M»sitions.  In 
two  (".ises  the  difU  rence  in  e«»mpositioii  of  the  top  and  button)  of  the 
bar  amounted  t<»  more  than  li(»  per  cent.  In  two  ciim-s  there  apin^anil 
to  Ik'  latenil  liquation,  or  separation  of  the  metals  in  such  a  manner 
that  the  exteri<»r  of  the  bar  cotitaincnl  a  hss  amount  of  tin  than  the 
interior.  The  first  of  these  (.'J.S-.'JT  j-opixT,  <il*.{J  tin)  inrntainetl,  In- 
original  mixture,  .'i!>*20  copper,  HOMO  tin. 

riie  analyses  of  the  turnings  from  the  tension-pieces,  from  tlie  top 
and  from  the  bottom  of  the  bar— the  turnings  In'ing  taken  fn)m  the 
whole  length  of  the  cyliudric.d  portions  of  the  test-pieces,  an«l  inelud- 
ing  all  of  the  metal  in  the  s<piaiv  portion  of  the  bar,  except  the  cylinder 
in  the  centre,  ()'79H  in«h  in  diameter — gave  almo-t  precisely  the  s;ime 
results  ( 4.)i5(J  copper,  o«)-4(>  tin),  showing  a  los-  of  tin  ot"  more  tiian  4 
per  cent.  A  pie<v  from  the  mid<lle  of  the  bar  w;is  then  analyze<l.  the 
whole  of  the  sfjuare  section  l)eing  turne<l  into  chip*.  The  analysi-  of 
this  piece  gave  .'{s;}7  cop|>er,  ^W'Wl  tin,  or  (»")*J  jK-r  ivnt.  nu»re  tin  than 
the  original  mixture.  The  other  Uir  showed  the  same  n-sult.  The 
original  mixture  was  34*J>5  cop|>er,  IJS'OS  tin,  and  the  analyses  of  the 
turnings  from  the  outside  of  the  bars  at  top  and  l)ottom  wen'  40-32 
<><ipp«T,  ;")!>•  4«!  tin  :  40'*24  copjH'r  and  ">!»M  \\\\.  The  analysis  of  a 
piece  fr«»m  the  mid<lle  of  the  bar  gave  .*i4*22  cop|x;r,  (J.VSO  tin. 

Sjiedfic  (irtiritif. — There  is  a  o'rtain  degree  of  regularitv  in  the  ?>|>e- 
citic  gnivities,  showing  that  the  densities  follow  a  detinite  law.  The 
densities  of  the  cjvstings  were  much  lower  than  tho!»e  of  the  metals  as 
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given  by  other  authorities.  The  densities  would  have  been  higher  had 
they  been  determined  in  the  shape  of  fine  powder  or  metal  perfectly 
free  from  minute  cavities.  Those  bars  which  gave  less  strength  than 
might  be  expected  from  their  composition,  and  Avhose  resistances  to 
stress  are  rejected  from  the  table  of  averages,  also  had  lower  specific 
gravities  than  those  metals  of  nearly  similar  compositions  w^hich  had 
greater  strength.  From  a  comparison  of  the  strength  of  the  bars, 
containing  less  than  20  per  cent,  of  tin,  with  their  densities,  it  is  appa- 
rent that  the  strength  and  density  are  in  a  certain  degree  dependent 
upon  each  other ;  that  is,  that  the  greater  the  density  of  an  alloy  of 
any  given  composition,  containing  less  than  20  per  cent,  of  tin,  the 
greater  the  strength.  This  has  been  })lainly  shown  in  experiments  by 
several  authorities  on  gun-metal,  which  uniformly  exhibits  an  increase 
of  strength  with  an  increase  of  density.  This  fact  will  also  account 
for  the  much  low^er  strength  of  the  alloy  90  per  cent,  copper,  10  per 
cent,  tin,  and  of  metals  of  nearly  similar  composition,  than  is  given 
by  some  authorities  as  the  strength  of  gun-metal.  It  must  be  remem- 
bered that  the  casting  of  small  bars,  such  as  have  been  used  in  the 
experiments  herein  described,  is  especially  unfavorable  to  the  produc- 
tion of  metal  of  great  density,  while  in  the  casting  of  guns  and  of 
other  large  masses  the  pressure  of  molten  metal  is  much  greater,  and 
all  conditions  favor  the  increa.se  of  density. 

It  appears  probable  that  the  actual  specific  gravities  of  all  alloys 
containing  less  than  25  per  cent,  of  tin,  do  not  greatly  vary  from  8'95, 
and  that  the  specific  gravity  of  castings  of  these  alloys  will  be  less 
than  8"95  according  to  their  degree  of  porosity.  Riche  gives  figures 
showing  the  increase  of  density  of  several  alloys  by  tempering  and 
compression.  The  specific  gravity  of  an  alloy  of  94  per  cent,  copper, 
6  per  cent,  tin,  was  increased  from  8*541  to  8*939  by  repeated  temper- 
ing and  rolling.  The  specific  gravity  as  determined  from  pieces  of 
the  castings,  are  more  valuable  than  if  they  were  determined  only 
from  turnings,  for  the  reason  that  they  show  the  cause  of  imperfec- 
tions in  .strength  and  other  qualities,  and  indicate  that  the  proper 
method  of  improving  the  strength  is  to  increase  the  density.  They 
also  indicate  that  the  lower  the  specific  gravity  of  one  of  the  alloys, 
which  show^s  a  certain  definite  strength,  the  greater  increase  may  prob- 
ably be  given  to  that  strength  by  any  means  which  will  cause  the 
specific  gravity  to  approach  the  figures  8' 9 5. 

The  several   methods  of    increasing  the  specific   gravity  of   these 
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nllovs,  and  tlnTcKy  in(ic:i«iii^  the  -treii^itli,  y«t  niiiniii  to  U-  <x|Mri- 
riu'iitcd  upon.  It  is  wril  known  that  rolling,  haninierinjr,  or  <"orn- 
j)nr>wing  tlie  porous  and  diutih'  metals  iin'n'as<«s  their  rU-iisity.  ( 'it-ting 
under  pressure  hits  the  sime  ert*e«t,  ;is  is  .-hitwn  in  the  'fjreati-r  density 
of  the  bottom  ot"  a  hfijivy  ^un  <rji8tinj^  than  the  top,  or  the  sinking 
liead,  and,  in  a  still  more  marked  degrw,  by  ex|>erinicnts  wliioh  have 
recent Iv  been  ma<h*  of  easting  nrxh-r  heavy  liy«lraulie  pressiin*.  It  is 
probaitle  also  that  temperature  of  pouring  and  r.ite  of  e<N»ling  have  an 
important  influence  upon  the  di-n-ity,  and  that  the  \\»v  of  any  Huxes 
which  m:iv  remove  occlude<l  gases  tVom  the  molten  metal  will  l>e 
likely  to  incre^ise  the  s|M'<'ific  gravity. 

The  maximum  densitv  of  the  series  is  given  by  the  alloy  (eoni|to6e<l 
of  cop|)er  t)2'.'31,  tin  .'J7'.'J5,  by  anaiysig),  the  original  mixture  of  which 
<v)rrespondeil  to  tin-  formula  Snf 'u'.  and  it  is  nejirly  approa<'he«l  by  the 
alhtv  •)242  citpper,  .iT*  is  tin.  The  figures  are  H  !>7()  and  H-J».")»;.  The 
•speeiHe  gravity  of  the  sjime  all«»y,ae<'onling  to  Calvert  and  Johnson,  i-^ 
H-0."»4.  From  the  first  of  these  to  the  end  «if  the  «'ri«"S.  or,  to  pun* 
tin,  there  is  an  almost  perfectly  n'gular  (hvrease  of  s|>e<>ific  gnivity. 
that  of  tin  l)eing  7*29.'J,  which  figure  agrees  with  the  results  of  sevend 
other  authorities.  From  the  re^^ularity  of  this  <le<Teits«'  of  sjwt'ifie 
gravity,  and  from  tin-  fa<'t  that  all  the  results  liotween  the  alloy  »«*»u- 
taining  tJ'J.'U  copper,  .'J7*85  tin,  and  ptire  tin  agnv  cUisely  with  the 
figures  given  by  other  authorities  for  the  spet-ifie  gnivities  of  tiie  same 
alloys;  it  also  ap|Hars  that  these  alloys  are  much  h-ss  apt  to  vary  in 
their  densitij's  than  those  containing  K-ss  than  lio  jht  e«'nt.  of  tin,  and 
that  they  have  hut  little,  if  any,  |)orosity. 

Comparison  of  liiKl.stanctn. — Hv  inspection  of  the  curv«'S  of  compari- 
son of  strength  by  tensile  and  torsional  stnss,  it  will  Ih*  s-en  that  the 
curve}?  agree  very  closely.  From  the  curves  of  tensional  and  torsional 
strengths,  it  is  se<'n  that  the  stn'ugths  of  the  alloys  at  the  (x>p|H>r  end  of 
the  series  incre..s«»  r:ipidly  with  the  addition  of  tin,  until  aUnit  4  {xt 
cent,  of  tin  is  reachwi.  The  further  incrt'as*>  up  to  the  allov  c«>ntaining 
alM>ut  \lh  per  cent,  of  tin,  is  very  irregular.  As  this  irregularity  «>>r- 
re.sponds  to  the  irregularity  in  the  .s:uue  portion  of  the  curve  of  <|)«>»ific 
gravity,  it  is  j)rol»:d>ly  due  tt>  porosity  «>f  the  metal,  and  might  |v«s-iblv 
Ih3  ivm«)Vcil  by  any  nieans  which  wouJ<l  niake  the  ("jistings  mon*  ixmu- 
pact.  The  maxinmm  pt>ints  of  tlu^^e  tw«»  curves  is  r«ieh«il  at  the 
xinu-  |)itint,  viz..  at  the  allt>y  i-ontaining  82*70  cop|H'r.  17."U  tin. 
From  the  point  of  maximum  strength,  the  curves  drt>p  very  rapidly 
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to  the  alloys  containing  about  27*5  per  cent,  of  tin,  and  then  more 
slowly  to  37*5  per  cent.,  at  which  point  the  minimum,  or  nearly  the 
minimum,  strength  of  tin  is  reached.  The  alloys  of  minimum  strength 
are  found  from  37*5  per  cent,  tin  to  52*5  })er  cent,  tin ;  the  observa- 
tions being  somewhat  irregular  between  these  points,  making  it  difficult 
to  state  the  exact  minimum  points  of  the  curve,  but  all  agreeing  in 
showing  great  weakness.  The  absolute  minimum  is  probably  about 
45  per  cent.  tin.  From  52'5  per  cent,  of  tin  to  about  77*5  per  cent, 
of  tin,  there  is  a  rather  slow  and  irregular  increase  in  strength  to  the 
point  which  has  been  called  the  second  maximum.  From  77*5  per 
cent,  tin  to  the  end  of  the  series,  pure  tin,  the  strength  slowly  and 
somewhat  irregularly  decreases.  The  second  minimum  being  reached 
at  the  end  of  the  curve.  It  will  be  noticed  that  the  irregularity  of  the 
torsion  curve  is  much  less  than  that  of  the  other  curves,  which  is 
probably  due  to  the  fact  that  in  the  torsional  tests,  the  time  occupied  in 
making  the  test  was  very  uniform,  and  also  that  the  torsional  curve  is 
made  from  the  average  results  of,  usually,  four  tests  of  each  bar,  while 
the  tensile  tests  were  but  two  in  number  from  each  bar.  One  of  the 
most  important  facts  to  be  learned  from  the  curves  is  that  all  the  alloys 
containing  more  than  25  per  cent,  tin  are  practically  worthless  for  all 
purposes  where  strength  is  required,  the  average  strength  of  these  alloys 
being  only  about  one-sixth  of  the  average  of  those  containing  less  than 
25  per  cent,  of  tin. 

Comparison  of  Ductilitt/. — The  ductility  follows  a  very  regular  law 
depending  upon  the  composition.  The  ductility  by  torsional  tests  is 
determined  from  the  extension  of  the  exterior  fibre  or  line  of  particles 
in  a  torsion-piece  one  inch  long,  in  parts  of  an  inch,  which  is  calculated 
from  the  angle  of  torsion  given  by  the  autographic  strain  diagram. 
This  gives  a  correct  comparison  of  the  relative  ductility  of  all  the  pieces 
tested,  whether  very  brittle,  or  very  ductile.  The  maximum  angle  of 
torsion  given  is  556*75  degrees,  which  corresponds  to  an  extension  of 
2'1975  inches  of  a  line  of  particles,  originally  one  inch  long,  on  a 
cylinder  |  inch  in  diameter,  on  the  supposition  that  the  diameter  and 
length  of  the  cylinder  while  being  twisted  remained  unchanged.  The 
minimum  angle  of  torsion  is  0*4  degree,  which  corresponds  to  an 
extension  of  only  0*000006  inch..  The  ductility  of  tin  being  therefore 
more  than  200,000  times  that  of  the  most  brittle  alloy. 

I'otal  Resilience. — The  resilience  or  amount  of  work  done  in  break- 
ing any  specimen  is  measured  in  the  same  manner  as  mechanical  work 


Feb.,  1884.]  Locddnf/  the  Stronf/ettt  of  the  Brouztn.  If9 

<»!'  any  kiml,  that  i.>;,  ljy  iIk-  pnMluit  of  a  r«>i.>.tanc«'  into  llie  <lii?taiue 
through  wlii<h  the  rcsi-^tann;  art.'*.  WIh-m  tlu-  resistance  i.**  variable, 
the  work  in  the  pnxhie-t  of  thi;  mean  r<isi.stain«-  into  that  distance.  The 
work  (loin?  in  breaking  a  |>ier«'  of  metal  hy  torsional  .-iln^s  i.«<  the  nu-:!!! 
n-si.'^tancc  of"  the  .-^pei-inien,  :ls  nieiL^innnl  hy  tin-  inejui  onlinatc  ot"  the 
antoj^rapiiic  strain  (lia^'ram,  e.vpreiwetl  in  f(K)t-{Mnin(li}  of  tonsional 
moment,  or  pounds  artiii^  at  the  nidins  of  one  f<Kit  mnltiplie<I  hv  the 
(li.starH-e  thruu^li  whi<-h  thi>  niom<'nt  is  e.\('rt»*<l,  a.s  mea.'«un'<l  l»v  the 
total  al»s<'i.sxa  of  the  <lia^ram  and  ro<lnc<'<l  to  t't-ct,  tnivcrsoti  hv  the 
resistarKo.  Tlic  torsional  rcsivtaix-c  Ikls  Imhmi  f-jilcnlatiil  from  tin-  ana 
of  the  autotrraphic  strain-diagram  in  the  manner  alxive  stat^l,  the  total 
resilience  n|)  to  the  l»reakin^  point  Ikmiij;  taken  in  i-ach  iiiM'  and  retlm-ed 
to  foot-ponmls  of  work.  The  resilience  heai-s  a  ver>'  closi*  relation  to 
the  dnetility.  The  ma.ximnm  toivional  resilience  is  ^iven  l»v  a  bar 
(•ompo.stHi  of  9(;'(M)  cop|M'r,  •Vli)  tin,  which  was  one  of  th«-  niost  ductile 
of  the  stronjjer  alloys,  l-'rom  the  l)ar  whi«'h  ^avc  the  ma.ximnm  total 
resilience  of  /)!»!»•!»()  foot-poimds,  there  is  a  rapid  dccreas**  t(»  tlu-  bar, 
7(jt)  1  copper  and  'l',V'l\  tin,  which  had  a  r«~<ilience  of  f»nlv  372  t"'X)t- 
IKnmds.  From  this  bar  to  one  containing  3')-85  cop|M'r,  7.'.-H(»  tin.  all 
bars,  with  one  «>.\ception,  show  a  total  resilience"  bv  torsion  of  le?vs  than 
one  foot-pound  each,  the  minimum  bein;:  oidv  ()-(>S  foot-pounds,  or 
only  alMiut  0"(KM)1 ;}.'{;{  part  of  the  ma.ximnm.  From  this  bar  to  that 
containing  ()-;{2  c«)p|M'r,  !»i>-4<5  tin,  there  {.«*  a  gradual  incre:ise  of  the 
total  roilience  to  rj.'iH!*  foot-ponnd<.  which  is  the  *'se<'ond  maximum" 
j»oint  of  the  curvi'. 

Limil  of  Klai<ti('Uy.—'V\w  limit  of  elasticity  has  Ikvu  detiiuii  as  the 
point  at  which  the  distortion  Iwijins  to  incre;j.s4'  in  a  more  r.ipidly 
increasing:;  ratio  than  the  force  which  c:ius<«s  the  distortion.  It  ex»r- 
resjwntls  nearly  with  the  point  of  first  appreciable  set,  or  {ii'rmanent 
distortion.  In  the  auto^ni|)hic  diajjrams  of  torsional  stress,  it  is  the 
point  at  which  the  curve  begins  (usually  suddenly)  to  chanp-  its  dinx*- 
tion  and  delhvt  towanls  the  horizontal.  We  find  that,  in  the  .stron^r 
alloys,  those  containing  less  that  17*o  |K'r  cvnt.  e»f  tin,  the  ehistic  limit 
under  torsional  stivss  is  ri>:»cln'<l  at  fn»m  alnait  .'lo  to  10  jht  «vnt.  of 
the  brrakinjj;  load.  As  the  penvnta^  of  tin  is  increa.setl  U-vond  17-5 
|)er  cent.,  the  nttio  «>f  elastic  limit  to  ultimate  dtnni^h  is  incn-jt-wl.  the 
alloy  7GMI4  copper,  *J.{'JI  tin.  i^iviuj;  the  nitio  KM)  \wv  cent.;  i.  »..  the 
elastic  limit  was  not  resiiluHl  until  iV.icture  t(M»k  plac«'.  The  sjinie  result 
is  jriveu  by  all  the  alloys  fnun  thi-  pt»int  to  that  containing  :i8'87  cojv- 
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per,  61*32  tin.  From  this  point  to  pure  tin,  the  elastic  limit  is  reached 
before  fracture.  As  we  deal  only  with  the  results  obtained  by  torsional 
tests  it  is  not  necessary  to  follow  Prof.  Thurston's  researches  further, 
as  his  moduli  of  elasticit}'  were  calculated  from  the  deflections  obtained 
in  the  transverse  tests.  It  may  simply  be  stated,  in  passing,  that  the 
figures  and  curves  show  great  irregularity,  but  not  greater  than  might 
have  been  expected. 

The  moduli  of  elasticity  by  the  transverse  stress,  in  the  alloys  con- 
taining less  than  24  per  cent,  tin  was  about  14,000,000.  From  25  per 
cent,  to  35  per  cent,  it  was  about  15,641,866.  From  35  to  75  per 
cent,  there  was  a  great  irregularity,  much  greater  than  that  of  any 
other  property.  From  the  alloys  containing  70  per  cent,  tin,  to  pure 
tin,  the  moduli  again  become  a  little  more  regular,  but  still  vary  very 
greatly,  the  tendency  being  to  decrease  as  the  tin  increases. 

Before  passing  to  the  consideration  of  the  triple  alloys,  we  will 
notice  the  Mork  performed  by  M.  Riche  upon  the  copper  zinc  alloys ; 
we  shall  then  have  the  results  of  alloying  copper  and  tin  and  copper 
and  zinc  and  shall  be  in  a  better  position  to  take  up  the  subject  of  the 
copper,  tin  and  zinc  alloys. 

Alloys  of  Copper  and  Zinc. — Says  M.  Kiche:  "The  zinc  which  I 
used  had  been  purified  by  two  distillations  in  the  laboratory  of  the 
*  Societe  de  la  A^ieille  Montague,'  which  generously  placed  it  at  my 
disposal.  I  undertook  the  study  of  the  various  physical  properties  of 
these  bodies,  as  of  copper  and  tin,  but  I  was  obliged  to  give  up  the 
examination  of  fusibility  and  liquation,  because  the  place  where  I  had 
specially  prepared  for  this  work,  at  the  mint,  was  not  left  at  my  dis- 
posal. The  hardness  increases  from  the  alloy  90  per  cent,  copper  to 
that  which  contains  equal  weights  of  copper  and  of  zinc,  Zn  Cu.  The 
alloy  Zn'  Cu^  and  the  alloy  Zn^  Cu  are  extremely  fragile  and  break  at 
the  first  shock,  and  the  others,  containing  more  zinc,  crack  after  a  few 
blows.  The  density  was  determined,  first,  of  sonie  ingots  weighing 
from  60  to  100  grammes,  then,  on  account  of  the  greatly  differing 
texture  of  these  alloys,  filings  of  them  were  operated  upon  with  the 
greatest  possible  care.  But  it  is  difficult  even  by  a  sustained  vacuum, 
to  eliminate  all  the  bubbles  of  air,  and  I  was  afraid  to  heat  the  filings 
several  times  in  water  in  order  to  secure  the  expulsion  of  the  air, 
because  water  is  attacked  by  zinc,  and  all  the  alloys  rich  in  this  metal; 
and,  lastly,  the  volatility  of  zinc  makes  it  difficult  to  prepare  the  alloys 
in  exactly  atomic  proportions.     We  find  that  the  contraction  of  the 
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two  tuetals  ill  t|j»-H?  alloy.s  i.s  coiiiidi -raliU  fruiu  tlu-  (^.tuiiul,  Zii*  ( 'ii.  to 
the  Hixtli,  'An'  Cii'.  It  mcohim  to  In?  at  it«  tiiaxinuim  in  tin?  nt'i^lil>or- 
hiKxl  of  the  alloy  Zii'  Cu',  which  L- aU)  mnarkahly  like  the  prectnliiig, 
ill  that  it  |M)s.>M>rti-s  noiu'  of  the  |»liyhi«-:il  aii<l  ine('haiii<-al  projurtie* 
which  are  iitili/.e<l  in  the  nietals  ii.^-*!  in  the  artx.  They  are  cinineiitlv 
crystiilline  and  fni^ile,  and  apfMiir  to  !»<•  in  the  nerii^  of  tlies**  allovs 
what  the  alloys  Sn  C'li'  and  Sn  ("ii*  arc  in  the  allovs  of  <-op|M'r  and  tin. 
The  theoretical  den.sity  has  Ix-en  c:ilciilatiil  with  tin-  niiinlKT  7'J"  fiHind 
by  nic  to  he  the  avemge  of  four  conconlant  dctcrininatiuas  on  metallic 
zinc." 

Taut  III. 

Thurslon  on  ( oppcr-Tin-Zinr  Affot^M. 

W'v  will  now  take  n|>  the  work  perforniMl  under  the  din-«ti<»n 
of  I'rof.  Tlmrstoii,  at  the  Stevens  Institute  of  TeehnohigA-,  u|)on  the 
triple  alloys  of  copjMr,  zinc  and  tin. 

In  |>erforiiiin^  this  w<»rk  Prof.  Thurston  wits  hi!  to  devi.x^'  a  method 
of  |tlaiminjj  this  research  and  a  HV.stem  of  ntxinlinj;  data  that  has  since 
led  to  the  di.scoveiy  of  alloy.s  of  pntUihly  the  niaxiiniiiii  -treiiirth 
«»l>tainal»lc  hy  any  coiiihination  of  the  element.-  -fudi.il.  Th«  l"'ll..\v- 
in^  is  an  ahstract  <tf  the  re|Mirt  : 

In   any  Mjuilateral    trian^K'.  liClJ,   Fig.  1,   let    full    |H.riK.ndicular8 


n 


form  tlie  verti*^"?*  to  the  opiMtsito  siile*.  as,  for  exnmple,  CE.  rn>m 
any  |>oint  within  the  triangle,  A,  let  full  iN'qiendiculurs  ACr.  All,  AF 
ami  draw  Ali,  Af\  AI>,  to  the  verticil,  thus  «il>tninin<^  thn-  '  'S, 

ABD,  Ali(\  A('I> :  their  sum  is  e<|ual  tt»  the  area  of  the  w  .re 

BCD. 
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Now  we  have,  since  the  triangle  is  equilateral,  and 


CEX  BD 


AFX_Bp_        AGXBC        AH X  CD  cExBD={AF+AG 

2  2  2 

+  AH)  BD  and  CE=  AF  +  AG  -\-  AH,  which  are  true  wherever 
the  point  A  may  be  situated ;  it  is  true  for  every  point  in  the  whole 
area  BCD.  Assuming  the  vertical  CE  to  be  divided  into  100  parts, 
AF  -\-  AH -\-  AG  =  100,  and  these  measure  on  this  scale  the  relation 
of  each  of  the  altitudes  of  the  small  triangles  to  that  of  the  large  one. 
But  we  may  now  conceive  the  large  triangle  to  represent  a  triple  alloy 
of  which  the  areas  of  the  small  triangles  shall  each  measure  the  pro- 
portion in  which  one  of  the  constituents  enters  the  compound,  and 
BCD  =100  pej  cent,  or  CE=  100  per  cent.,  and  the  altitude  of  each 
small  triangle  measures  the  percentage  of  one  of  the  three  elements 
which  enter  that  alloy  which  is  identified  by  the  point.  Thus  every 
possible  alloy  is  represented  by  some  one  point  in  the  triangle  BCD, 
and  every  point  represents  and  identifies  a  single  alloy,  and  only  that. 
The  vertices  B,  C,  D,  in  the  case  to  be  here  considered,  represent, 
respectively,  dopper  =  100,  tin  =  100,  zinc  =  100. 

Thus,  having  invented  a  method  of  studying  all   possible  combi- 
nations, Prof.  Thurston  next  prepared  to  examine  this  field  of  work 


Fig.  2. 

in  the  most  efficient  and  complete  manner  possible,  with  a  view  to 
determining,  by  the  study  of  a  limited  number  of  all  possible  copper- 
tin-zinc  alloys,  the  properties  of  all  the  numberless,  the  infinite,  com- 
binations that  might  be  made,  and  with  the  hope  of  detecting  some 
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law  of  variation  of  tijcir  valtial»le  «jualiti»s  with  variation  of  <ionij)o- 
Bition,  and  tliii.s  jtscertiiininj;  wlii<'li  w<n*  tin*  nimt  vulual>le  for  praiiit-al 
purposes. 

With  this  ohji'ct  in  view  th*-  trian^h-  hii<l  ilown  to  npn-M-nt  thijj 
ri'searcli  wixa  hii<l  ofl'  into  c-oncentric  trian^U*?*,  Fij^j.  2,  varkinj^  in  alti- 
tude by  an  e<|iial  amount — 10  j)er  cent. — on  which  wa«  laid  out  the 
propn.sed  .'<('ri('s  of  alloys.*  Tln's<'  alloys  wr-p-  fjr^^t  all  testc*«l  in  the 
Autographi<-  Ucrordin;^  T<'}<tin}^  Machine,  and  their  strain-<lia;;nun.s 
wore  carefully  stu<licd.  It  wa.s  at  on«-<'  found  that  only  a  very  few 
were  of  ^nat  value,  and  that  the  alloys  repn^MUt^il  l»y  that  part  of  the 
field  lying  <»u  the  tin-/inc  side  of  a  line  rutiuin;;  from  cop|Mr  =  70, 
tin  =  30  and  zinc  =  0,  to  the  point  copjH*r  =  40,  tin  =  0  and  zinc  = 
(>0,  were  tw)  sol\  or  tt>o  brittle  and  weak  to  Ik*  of  value. 

(To  l>«>  rontliiu«Hl.) 


ScnBiti\e  Thermometer. — M.  'Jovi  has  presente<J  to  the  .Naples 
A<":uh'ruy  of  8<"iences  an  ebonite  thernionieter  f«up|K»rtinj;  a  c:ipillar>' 
^^lass  tube.  Thi«-  apparatus,  \\  hen  filh-tl  with  ujercury,  d«»e>  not  -Imw 
any  slow  elevation  or  <liiniiuition  of  teni|M  niture,  but  in  rapid  varia- 
tions of  heat  a  curious  phenomenon  is  pnKJuoed.  If  the  tem|M>nitnrr> 
incn'a.scs  suddenly,  the  luen-ury  de«'<*nds  in  the  iuIm'  and  then  slowlv 
returns  to  the  |>rimitive  level.  The  invers<'  phenomenon  is  prodiutil 
in  cjise  of  sudtlen  (>M>lin^.  The  explanation  is  very  simple,  and 
de()ends  upon  the  approximate  e<piality  of  the  coeftu-ient.s  of  ctibio 
dilatation  in  ebonite  and  men-ury.  When  the  incn»a.s*'  of  temjK'niture 
is  rapid,  the  recipient  expands  sudtleidy  an«l  alone,  con.stxpiently  then' 
is  a  fall  of  the  nieii-ury  in  the  <-apillarv  tulx-.  The  elM»nite,  tiein^  a 
bad  conductitr.  transmits  the  lu'at  onlv  slowly  to  the  njercury.  which 
re<piires  some  iinu-  to  resume  its  primitive  h-vel.  .\  sudden  impnrs- 
»ion  of  cold  nipidlv  «*ontnn*ts  the  elmnite,  which  cn»wds  the  me^cu^^• 
into  the  c:»pillary  tulu-  ami  thus  rai.s«>s  the  level.  This  ex|M»rimcnt 
ehows  the  im|M»rlam*e  of  paying  attention  to  (he  expansion  of  the 
re»'i|>ieut,  in  reading  thermometric  intlii^itions. — Ar*  Mtimlrn,  Manli 
17,  1883.  ('. 

•For  thl»  table  »w  He|)ort  l>y  Prof.  Thun«ton.  rvtul  bcforv  the  Ainer.  Soc. 
C.  E.,  Jan.  o,  issl,  p.  4.  the  Stn»nRc»»t  of  the  HrunKvtt. 
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(Concluded  from  page  36.) 

At  the  instance  of  Chief  Constructor  Theodore  D.  "Wilson,  who 
appreciates  the  superior  merits  of  the  curved  shield,  the  Honorable 
Secretary  of  the  Navy  caused  a  modified  form  of  it  to  be  adopted  in 
the  plans  for  the  cruiser  Chicago.  The  plans  for  the  Boston  and 
Atlanta  still  contain  the  plane-sided  shield. 

The  flat,  under-water,  armored  deck  applied  to  the  Comus  cla.ss  of 
the  British  navy  is  in  no  sense  a  deflecting  shield,  as  it  cannot  l)e  struck 
by  shot,  being  intended  merely  to  resist  the  more  direct  downward 
impact  of  the  fragments  of  shell,  exploding  within  the  vessel,  above 
it.  The  Comus  deck  has  no  more  curve  than  is  given  an  ordinary 
deck  for  drainage,  and  it  is  so  far  below  the  water  line  that  it  does  not 
give  the  room  under  it  for  boilers  and  machinery,  which  the  curve, 
rising  above  the  water  line,  affords ;  and,  for  the  same  reason,  it  does 
not  give  the  margin  of  buoyancy  which  would  keep  the  ship  afloat  in 
the  absence  of  water-excluding  stores. 

The  plane  shield  is  a  foreign  modification  of  the  curve,  having  been 
applied  to  the  Leander  class  of  the  British  navy  as  late  as  1880;  while 
the  curved  shield  is  a  domestic  product,  having  been  designed  by  the 
writer  of  this  article  more  than  twenty  years  ago,  when  serving  in 
Farragut's  squadron  ;  and  was  the  result  of  observation  of  the  effect 
of  shot  on  vessels  in  actual  combat. 

Figure  9  represents  a  cross  section  of  a  cruising  vessel  of  48  feet 
beam  and  19  feet  mean  draught,  in  which  the  water-line  is  defended 
by  means  of  the  curved  deflecting  shield  No.  2,  heretofore  described, 
in  combination  with  water-tight  compartments  above  it  to  be  packed 
with  coal  or  stores,  to  augment  the  deflecting  efficiency  and  exclude 
water,  thereby  serving  as  a  life-belt  to  the  vessel. 

The  cross  section  shown  represents  the  compartments  above  the 
curved  shield  as  packed  with  coal.  The  position  of  the  curved  shield 
in  relation  to  the  water-line  is  to  be  adjusted  before  going  into  action, 
by  the  admission  of  water  to  the  double  bottom.     The  cellular  sidea 
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of  tlie  vi-.s-.(l  Jili,  Ixtwicii  tin-  «Miiv«'«l  >liiel«I  A  ami  tlie  gmi  «l«-<'k 
above  it,  arc  rei)nxiit<'«l  w^  packt-il  with  ••ottoii,  chcmicsilly  prepiirttl 
to  reei.st  fire,  wliic  li  uouM,  l»y  it*  cla-sticity,  oltjse  shot  Jiolw ami  extlu<l«- 
water. 

Figure  1(»  n|)res<«nt.s  tlie  ciirvi-s  of  n-><  rvi*  ami  <lcor«i.'<ed  hiif)yaiK-y, 
for  tin-  |uir|>oHC'  of  .>*liowinjr  that  a  vej5.»«el  having  a  rurvwl  drflwtiiip 
shield,  ri.siii^  sli^^htly  aliovc  the  watfr-linc  anii<l.ohi|)s,  and  having 
watcr-tij^ht  coniicirtmciit."^  above  it  packcnl  with  v\k\\  or  .•*t«>n'>»,  ('<»verin^ 
and  protoctin^  th«-  iiii<l<r-wat<'r  IkkIv,  (tiiild  hav«'  the  sides  «»f  the  vessel 
above  the  shiehl  ('<iinpletely  o|M'n  to  the  .^a,  without  (Icstroyinj;  her 
buoyancy. 

Fijjiire  1 1  n'prt«<'iits  across  .so«-tioii  of  a  criii.-i^-r  litte<l  with  a  d«'Hwt- 
'\\\\f  shield  rising  one  foot  al>ove  the  water-Iiiw  aoiidships,  and  atta«h<"»l 
to  the  sides  four  feet  Ik'Iow  it. 

We  will  now  suppose  th<'  sides  of  the  vt"ssel  to  Ik?  shot  throiii^h, 
allowinj;  wat<'r  to  enter  into  all  of  the  comjKirtnients  roinprisinp  the 
Ppace  (iTR  <tver  the  .-liieM,  in  which  water-tijrht  <'oiiij)artnient.*  itwX 
and  stores  are  pa<'l<<'«l,  capable  ot*  <H'eii|)vin^  thm'-fourth^  the  volume. 

'riie  water  tlowiiiLT  in  lill-  ii|>  llie  other  fourth  of  the  space  d  W'T — 
whit-li  is  inteiNtitial  and  when  it  has  risi-n  i\<.  In'irh  \\s  the  |«Kid  water- 
line  11"/',  the  decreasetl  buoyancy  re:iches  a  nia.xiiiinni  e<pial  to  the 
wei^iit  of  water  filling  oiie-fonilh  the  s|Kire  HYr  jT,  as  shown  on  the 
curve  by  the(»rdinate  AO.  As  the  ves.sel  .sinks  and  the  water  coiitinuo 
rising;  in  the  life-U'lt  of  the  ship — that  is,  the  spaiv  al)«»ve  the  water- 
line  and  th«'curve«l  shi«'ld — the-iton-s  in  the  life-U'lt  tli>*place  a  volume 
of  water  tHpial  to  ihre«'-fourlhs  the  spa<v  al»ove  the  huid  water-line  and 
the  curvjnl  shield  ;  <-oinbinini;  this  in«'reas4>  of  buovancv  with  the 
decre:ise  ot*  buovancv  due  to  the  water  which  has  ententl  th«'  sp:HV 
WGT,  we  obtain  the  curve  AlK  who^*  onlinate  will  represent  the  loss 
of  buoyancy  due  to  the  enterinir  water.  .\<  the  vessel  •iink-*.  however, 
the  curvtnl  shuM  is  ("onstantly  increasini:  the  displacvment,  and  the 
ordinates  of  the  curve  OH  will  n'present  the  inrreasod  buoyancy  due 
to  this  incn»ase  of  disphuvment.  This  c<irve  interstvts  the  fonner 
curve  at  /,  at  whi<'h  |H)int  the  upwani  and  downwanl  forces  art'  air^iiii 
in  etpiiiibriutn,  and  the  al>s<Mssa  <'orn'^|>ondinir  to  the  onlinate  at  /  will 
pive  the  distance  the  ves.«iel  will  sink  by  having  her  side?*  |>ert'or.itMl 
(HMupletely  above  the  shield,  allowini;  water  to  enter  fntdv  all  the 
iinnpartmcnt.s  «»f  the  lit'e-lMJt  of  tin*  v»-sm"I.     This  abs<'iss»  i-  'J^'.and 
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the  vessel  cannot  sink  further  without  the  curved  shield  being  pierced, 
allowing  water  to  enter  below  it. 

In  comparing  the  plane  shield,  having  inclined  sides,  with  the 
curved  shield,  the  relative  structural  strength  of  the  two  should  not  be 
lost  sight  of.  In  the  curved  shield,  strengtened  by  curved  beams  and 
having  the  space  over  the  shield  and  the  berth  deck  divided  by  bulk- 
heads, greater  lateral  and  transverse  strength  can  be  given  a  ship  than 
can  be  attained  in  any  other  way. 

We  w'ill  next  consider  the  most  desirable  forms  and  arrangements 
for  deflecting  shields  for  guns.  These  are  not  simply  shields,  but  are 
in  fact  armored  gun-carriages,  the  guns  being  supported  and  trained 
npon  them.  Referring  to  Fig.  9,  C  represents  a  cross  section  of  a 
vertical  V  gun-shield  closed  at  the  rear,  with  a  10|-inch  wire  wound 
pivot  gun  mounted  on  it  en  barbette.  Fig.  12  represents  a  plain  view 
of  the  same  gun  and  shield. 

This  gun-shield  is  to  be  constructed  of  steel  plates  curved  to  the  form 
show'n  on  the  plan  view^  Fig.  12,  and  disposed  vertically  to  deflect 
sidewise  shot  that  come  from  the  direction  in  which  the  gun  is  trained. 
The  gun  has  no  lateral  motion  of  its  own  independent  of  the  shield, 
consequently  when  the  gun  is  trained  to  deliver  its  fire,  the  shield  is  at 
the  same  time  trained  to  the  most  favorable  position  to  deflect  shot 
coming  from  that  direction,  the  angle  presented  to  the  line  of  fire  being 
very  accute. 

The  gun  is  mounted  by  trunnions  on  a  compact  metal  carriage,  rest- 
ing on  slides  bolted  to  the  sides  of  the  shield.  The  recoil  is  received 
on  hydraulic  buffers.  The  amount  of  recoil  allow^ed  for  is  three  feet, 
which  is  ample.  The  top  of  the  shield,  except  a  space  at  the  breech 
of  the  gun,  is  covered  by  plating  of  two  inches  thickness. 

The  vertical  armor  is  formed  of  two  thicknesses  of  steel  plating ; 
one  enveloping  the  entire  shield  is  of  five  inches  thicknes.s,  and  is 
reinforced  at  the  forward  end  of  the  shield,  where  the  angle  is  greatest, 
by  an  inner  plating  of  three  inches  thickness.  The  two  layers  of  plating 
form  a  shield  of  eight  inches  thickness,  which  at  the  acute  angle  pre- 
sented will  be  impossible  to  penetrate  wnth  any  gun  now  in  use.  These 
shields  would  be  improved  by  constructing  them  of  taper  plates  of 
single  thickness,  the  greatest  thickness  being  placed  at  the  forward 
part  of  shield  where  the  angle  is  greatest;  thereby  equalizing  the 
resistance  of  the  shield. 

The  shield  and  gun  are  mounted  on  a  deflecting  turn-table  of  eleven 
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feet  ••iglit  iii(;lM>,  (limner,  tli<-  «)iit<r  tnl^e  of  wliit;!)  i.s  sliaiKtl  like  a 
double  convex  Iods  ;  the  office  of  whieli  is  to  protect  (leHe<tivelv  the 
conieal,  aiiti-frietioii  rollers  ii|h)Ii  wliirh  the  shield  rests.  This  lens- 
HJiajM'd  tiirn-tahle  is  (•oiii(Mwe'<l  of  t\v«»  parts,  iM-injr  divided  bv  a  hori- 
zontal and  a  vrrtieal  line,  jls  shown  by  Con  the  cross  section  drawing, 

The  lower  j)late  1)  of  tlie(leHe<tinj;  turn-table  is  securetl  to  thed<"ek 
of  the  vessel,  and  in  it  an*  fixe<l  the  conieal,  anti-frietion  rollers  u|>on 
which  the  .shield  rotat<>s.  The  metal  of  the  lower  plate,  immediately 
under  the  rollers,  is  «-nt  away,  in  order  to  prevent  an  a(*<-nmnlation  of 
Hand  or  dirt  which  ini^rht  eloir  them.  The  outer  e«lge  of'  the  npjK.'r 
plate  /'embraces  the  lower  |tl:itc  />,  thereby  ;;ivinjr  it  a  lirm  latend 
support.  S)  that  no  inordinate;  strain  would  Im*  thrown  upon  the 
rotating  ])ipe  K  by  the  rolling  «>f  the  vessel,  or  the  -jii.ld  iM-ing  .-tnu-k 
hy  projectiles. 

The  lower  plate  1)  has  a  circular  a|H»rture  in  the  <"«'ntn'  through 
which  rise's  the  rotating  and  conduit  ))ipe  K  from  beneath  the  curved 
shield  A,  prot<H'ting  the  water-line. 

The  |»ipe  />  is  .seen red  to  the  u|>per  plate  /•' ot'  the  detitH-ting  turn- 
table, which  in  turn  is  >ecured  io,  Mn<i  tbrms  a  part  ot,  tin-  Utttom  of 
the  shield.  ( 'i>nse<pn'ntly  when  the  pipe  7t,' is  turiHtl.  the  >hi«ld  and 
gun,  on  the  deck  above,  arc  lurue»l  with  it. 

The  shiehl  and  gun  arc  tniincd  by  a  pair  of  pneumatic  engines  U  ; 
pneumatic  engines  are  j>rcferi-ed  to  >team  on  at-cemnt  of  the  exhau-t 
exercising  a  cooling  and  ventilating  inHuence.  An  endhrvs  .scn-w  on 
the  shaft  of  the  engines  engaije-s  in  a  worm  wheel  six'uri'el  to  the  end 
of  the  rotating  pipe  K,  thereby  turning  the  |>ipt\  shield  and  gun  in 
either  directiiHi  with  tacilitv. 

'i'lie  pneumatic  engines  (i  are  tittcti  with  link-niotion  valve  gear, 
with  the  levi'r  //controlling  it  in-i«lc  the  shield,  at  the  bnt-ch  of  tjie 
gun,  convenieu'c  to  the  hand  of  the  captain  there<»t*,  who  trains  the 
gun  and  shield  by  the  lever  without  the  intervention  of  any  other 
|)ei-sun. 

The  lever  is  so  arranged  that  when  it  i>  in  the  fxitiition  «i.  the  valves 
of  the  rotating  engines  are  thrown  into  |)osition  to  train  the  gun  an«l 
shield  in  one  <lirc<'t.ion  ;  when  in  the  ^Ktsition  b,  the  valves  are  cl«*setl 
and  the  shield  stationary,  and  when  in  the  |)osition  c.  the  valves  will 
be  thrown  ojien  to  tr.iin  the  gun  and  >hieltl  in  the  op|>o?ite  direction. 

This  training  appanitus  has  gn':»t  power,  there  is  therefore  but   little 
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danger  of  the  shield  being  jammed  fast  by  any  obstruction.  It  will 
also  hold  the  gun  and  shield  firmly  in  any  desired  position,  notwith- 
standino;  the  rolliu";  of  the  vessel. 

Referring  to  Fig.  9,  /  represents  a  cross  section  of  the  pipe  by  which 
the  shield  is  trained,  which  also  serves  as  a  conduit  for  ammunition 
into  the  shield.  This  pipe  is  V  shaped,  as  shown  by  the  cross  section, 
the  object  being  to  present  acute  dcfiecting  surfaces  to  projectiles  which 
might  strike  it.  It  will  be  seen  that  in  all  positions  of  the  shield  and 
gun  tlie  conduit  i)i})e  /  presents  a  constantly  open  passage  to  the  maga- 
zines, beneath  the  curved  shield,  protecting  the  water-line. 

The  ammunition  is  passed  up  through  the  pipe  I  by  means  of  the 
traveler  A",  which,  in  the  drawing,  shows  a  cartridge  upon  it;  when  it 
reaches  the  top  of  the  pipe,  inside  the  shield,  it  falls  over  into  a  little 
truck  L  ready  to  receive  it.  The  traveler  A"  is  actuated  by  means  of 
the  crank  0.  The  truck  L  is  drawn  out  to  the  breech  of  the  gun  with 
the  ammunition  upon  it,  traversing  the  long  arm  of  the  lever  31.  The 
long  and  t«hort  arms  of  this  lever  are  attached  to  a  rock-shaft ;  the 
short  arm  is  also  attached  to  the  connecting  rod  of  a  small  hydraulic 
cylinder  lY,  by  means  of  whicii  the  ann)iunition  is  elevated  to  the 
breech  of  the  gun  upon  the  truck  at  the  end  of  the  long  arm  of  the 
lever,  as  shown  in  the  drawing.  The  loading  lever  il/when  in  position 
to  receive  ammunition  from  the  conduit  pipe  is  ujoon  the  floor  of  the 
shield. 

The  space  between  the  shield  and  the  gun,  when  the  latter  is  elevated 
is  kept  closed  to  exclude  machine  gun  missiles,  by  means  of  the  port 
stopper  P,  pivoted  to  the  shield  directly  under  the  gun,  against  which 
it  is  pressed  Liy  means  of  the  spring  Q,  or  a  counter-weight,  thereby 
closing  the  space  between  the  shield  and  gun  occasioned  by  the  eleva- 
tion thereof. 

These  pivot  gun-shields,  while  in  action,  should  be  kept  trained  so 
as  to  deflect  projectiles  even  though  the  gun  be  not  in  use. 

There  is  ample  room  in  the  pivot  gun-shield  for  six  men,  while 
three  men  with  the  special  appliances  proposed  can  work  the  10|"  gun 
with  facility  and  etticiency. 

The  total  weight  of  the  pivot  gun-shield  with  the  deflecting  turn- 
table, rotating  ])ipe,  rotating  engines,  elevating  and  loading  apparatus, 
etc.,  is  65  tons  and  20  pounds.  But  if  the  shield  was  made  open  at 
the  rear  it  would  weigh  much  less. 

The  weight  could  also  be  greatly  decreased  by  making  a  shield  of 
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less  thickness  of  platiriir,  wliiili  would  still  ;rive  a  v<,'rv  efficient  ])ro- 
tection. 

The  |)Iatin<;  of  the  shield,  sh<»un  and  d«scrilM'd,  is  .S  inches  tliirk, 
Hidhcient  at  the  v<  rv  acute  unirle  presented,  if  constructed  of  homo- 
geneous steel,  conihiniiiL^  hanhK-s^s  with  touj;hness,  to  deflect  projectiles 
from  any  f;nn  in  extence. 

Figure  l.'i  represents  a  |)lan  view  of  a  verticil  V  shield  of  the 
broadside  battery,  the  gun  being  trained  at  right  angles  to  the  keel  of 
the  vessel.  Fig.  11  represents  a  plan  view  of  a  similar  vertical  V 
shield,  oj)en  at  the  rear,  in  which  the  gun  is  represente<l  iis  being 
trained  parallel  with  the  side  of  the  vessel.  The  cros-;  section  of  tlH-se 
V  shield  for  l)ro:i(j>ide  battery  are  represented  b\  /.7i'  in  the  cross 
section  of  the  ship,  Fig.  !).  These  V  shieMs  are  mounte<|  in  bav- 
window  like  projintions,  which,  however,  do  not  extend  ImvoihI  the 
line  of  the  ship's  side  at  the  water-line,  the  vessel  having  considendde 
tumble  home. 

Broadside  guns,  mounte<l  in  this  manner,  can  be  traine<l  so  a>;  to 
d«'liver  Hrc  almost  dircctiv  ahead  or  astern. 

These  small  \'  shields  for  the  broadside  guns  are  trained  in  the 
same  manner  as  the  large  pivot  giiii->hie|d,  U-ing  fitted  with  the  same 
appliances,  ami  mounted  <m  a  detle<-ting  turn-table  of  similar  form,  and 
in  addition  are  pivot(e<l  in  the  /  beams  ot"  the  deck  above.  The  guns, 
however,  are  not  mounted  en  barbeW\  but  extend  dire<'tlv  throu«'h  the 
shields. 

It  is  proposed  to  partiti(tn  off  the  upjxr  j)art  of  the  shield  bv  means 
of  metallic  diaphragm,  tbrming  a  compartment  in  the  upjK'r  part  tor 
the  accommodation  of  the  gnn-c-aptain,  wh(»  is  to  recline  in  a  prone 
position  ;  the  diaphragm  upon  which  he  rests  being  well  paddcnl  on 
each  side  to  deaden  concussion.  From  this  jx^ition  the  gun-^tiptain 
can  see  through  the  aperture  N  in  the  forward  end  of  the  shield,  and 
can  train  his  gun  by  means  of  the  lever,  controlling  the  valve  ixear  of 
the  rotating  engines,  beneath  the  curved  shield.  \\y  the  aid  of  these 
appliances  three  men,  completely  umler  cover,  i^n  Ioa<l  and  tin»  a  ^ix- 
inch  rifled  gun  with  far  greater  nipidity  an<l  etticicncv  than  a  much 
larger  number  of  men,  expose<l  upon  the  ojm'h  deck,  workini:  i:uns 
mount(Hl  in  the  or<linary  manner. 

In  view  of  the  great  improNcmcnts  rei-cntly  ma«lc  in  machine  guns 
of  large  size,  firing  pcnussion  shell  «':ipable  of  piercing  the  side-  of 
unarmored  vessels  at  considerable   rangtM,  it  will  l)e  seen  tliat  a  ship 
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having  her  gun-crews  protected  in  shields  of  this  form  will  possess  an 
advantage  so  great  that  it  would  doubtless  be  good  policy  to  have 
fewer  guns,  .«;o  protected,  than  a  greater  number  unprotected.  In  other 
words,  the  weight  of  the  battery  should  be  divided  between  guns  and 
gun-shields,  the  weight  of  ammunition  remaining  the  same.  The 
armor  of  the  broadside  gun-shields  is  four  inches  at  the  forward  end 
where  the  angle  is  greatest,  and  two  inches  at  the  rear  end  where  the 
angle  is  very  acute. 

The  weight  of  the  broadside  gun-shields  of  four  inches  thickness  of 
armor,  with  the  dellectiug  turn-table,  rotating  pipe,  rotating  engines, 
elevating  apparatus,  etc.,  is  10  tons  760  pounds.  But  such  a  shield 
will  give  an  efficient  protection  against  the  projectiles  of  heavy  guns, 
while  a  shield  of  but  little  more  than  one-third  the  weight  would  give 
protection  against  heavy  machine  gun  tire,  as  well  as  against  splinters, 
fragments  of  shell,  etc.,  which  occasion  nine-tenths  of  the  casualties  ;  a 
small  proportion  are  due  to  exposure  of  men  in  the  direct  ])ath  of 
large  projectiles.  The  form  of  the  vertical  V  shields  atibrds  pro- 
tection to  the  gunners  within  them  against  the  side  splash  of  splinters, 
and  the  spread  of  fragments  of  exploding  shell,  thus  securing  a  great 
advantage  over  vertical  armor,  or  guns  mounted  in  a  large  casemate, 
as  splinters  and  debris  could  devastate  the  interior  of  such  a  casemate 
from  end  to  end,  while  light  shields,  which  woidd  offer  no  substantial 
resistance  to  heavy  shot,  would  afford  com[)lete  i)rotection  against 
splinters  and  fragments  of  shell ;  the  proteclluii  abtained  in  this  case 
against  injury  from  shot  by  the  subdivision  of  space  being  analogous 
to  the  protection  afforded  in  the  direction  of  buoyancy  and  stability, 
by  the  division  of  the  underwater  body  into  water-tight  compartments. 

Figure  15  represents  a  cross  section  elevation  of  a  vertical  V  gun- 
shield,  with  an  8-inch  rifled  gun  mounted  on  it  en  barbette,  Fig.  16  is 
the  plan  view  of  the  same.  These  figures  illustrate  the  proposed 
method  of  mounting  the  pivot  guns  in  the  new  cruising  vessels. 
This  shield  is  intended  to  be  trained  and  the  gun  operated  in  the  same 
manner  as  those  heretofore  described,  being  fitted  with  the  same  ap- 
pliances ;  and  they  permit  of  the  guns  being  fired  either  directly  ahead 
or  directly  astern.  As  it  is  open  at  the  rear  end,  it  can  be  made  of  a 
proportionally  less  weight  than  the  pivot  gun-shield  heretofore  des- 
cribed. The  plating  is  disposed  in  two  layers ;  the  outer  one  envel- 
oping the  entire  shield  is  of  three  inches  thickness,  this  is  reinforced 
at  the  forward  end,  where  the  angle  is  greatest,  by  an  inner  plating  of 
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two  inches  tliicknes.s,  makinj^  a  total  tliickiie.s.s  of  five  incho.  The 
best  methotl  hnwcvcr  for  the  construction  of  such  shields  woukl  Ik.-  1»v 
taper  plates  of  siii<:;lc  thickness. 

The  weight  of  this  jrun-siiicid  with  the  deHecting  turn-table,  rotat- 
ing engines,  rotating  pipes,  loading  apparatus,  etc.,  is  32  tons  18ll>s., 
the  weight  of  the  shield  itself  being  18  tons,  but  shiekis  of  much  less 
weight  can  be  constructed  which  will  give  a  suijstantial  resistance. 

If  the  deflecting  turn-tables,  upon  which  the  vertic^il  V  shields  rest, 
were  supported  above  the  wooden  deck  on  >hoit  drums  or  cvlinders 
of  sheet  metal  a  foot  or  fifteen  inches  high,  which  would  give  an 
efHcient  support,  while  affording  no  material  resistance  to  shot,  iK-ing 
easily  penetrable,  but  very  difticidt  to  cut  entirely  awav,  the  danger 
of  the  shield  being  jammed  fast  by  shot  tearing  up  the  w«xKlen  dei'k 
would  be  entirely  obviated. 

Tiie  vertical  V  .shields  were  also  rc!c<»mmended  for  the  n<w  ships 
by  the  Act  of  Congress  providing  for  their  construction,  and  thev  are 
also  well  adapted  for  land  fortifications. 

In  considering  the  merits  of  the-^e  gun-shiclds,  it  shoidd  be  remem- 
bered that  the  special  appliances  proposed  will  enable  the  guns  of  a 
ship  to  be  operated  with  a  much  smaller  crew;  and,  if  the  weight  of 
the  extra  men  reijuired  to  work  the  guns  by  the  pres<.'nt  svstem,  with 
all  their  belongings,  and  the  provisions  and  water  to  sustain  them, 
was  credited  to  the  shields,  it  would  balance  a  large  percentage  of  the 
weight  entailed  by  tiiem. 

It  will  be  seen  tlmt  the  armor  of  the  pro|>osed  vessel  is  to  Ik'  so 
arrange<l  as  to  present  no  direct  resistance  to  shot,  but  all  tin- vital  and 
offensive  parts  are  covered  by  arnmr  which  prote<'ts  detk'<-tivelv,  and 
the  areas  of  the  cross  sections  of  arm(»r  are  retiucnl  to  a  minimum  in 
ordir  to  present  the  lejjst  possible  target  to  shot. 

Projectiles  are  permitted  to  pa.ss  freely  through  the  vessel,  on  the 
principle  that  the  less  resistance  i)fferiHl,  the  less  injurv  re<tMve<l.  Shot 
entering  the  side  of  the  vessel  would  plow  through  the  cojd  or  stores 
packe<l  in  compartments  alwvethe  curvetl  shield,  ami  would  bodeflectwl 
upward,  that  l>eing  the  line  of  the  least  ri'slstanc«',  and  would  p;is>  out 
through  (he  far  side  of  the  vessel  considenibly  alM»v<'  the  water  line. 

As  the  menwoiking  the  guns  are  all  prottH'teil  in  apj)n)priate  deflect- 
ing shields,  tin'  upward  flight  of  j)roje<'tiles,  after  impinging:  on  tiie 
eurvetl  shield,  wmiM    not   do  any  scrioii«.  danuige.      Even   thoujxh   the 
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upper  works  of  the  ship  were  riddled,  she  would  not  be  seriously- 
damaged,  as  her  vitals  would  remain  intact. 

As  the  crown  of  the  curved  shield  rises  above  tiie  water  line,  it 
thereby  protects  the  vital  far  side  of  the  vessel,  where  heavy  shell 
would  otherwise  do  the  greatest  damage  by  exploding  against  the 
frames  at,  and  below,  the  water  line  and  tearing  oil'  entire  plates,  thereby 
admitting  such  great  volumes  of  water  as  to  engulf  a  vessel  at  once. 

The  five  vital  factors  of  a  war-ship  are  tlie  water-line,  the  magazine, 
the  motive  power,  tlie  steei'ing  gear,  and  the  personnel.  In  the  pro- 
posed vessel,  the  first  four  of  the.se  and  a  part  of  the  fifth  are  protected 
beneath  the  curved  shield,  the  remainder  of  the  personnel  l)eing  pro- 
tected in  the  deflecting  gun-shields  on  the  decks  above. 

In  designing  the  machinery  for  a  cruising  war-ship  it  should  be 
remembered  that  the  requirements  of  such  a  vessel  are  entirely  differ- 
ent from  those  of  a  passenger  or  fast  freight  steamer.  The  merchant 
steamer  needs  sustained  high  speed,  wath  economy  of  fuel,  to  enable 
her  to  make  her  trips  from  port  to. port  in  the  least  possible  time,  and 
at  the  least  expense,  in  order  to  pay  a  profit  to  her  owners.  The 
cruiser  does  not  need  sustained  high  speed,  Avhich  can  only  be  obtained 
with  economy  of  fuel  by  great  weight  of  niaciiinery,  but  re([uires  a 
still  higher  rate  of  speed,  for  short  periods  of  time,  in  an  emergency, 
when  chasing  an  enemy  or  escaping  from  a  superior  force ;  and  as  this 
hio-h  rate  of  speed  would  be  but  seldom  exercised,  it  is  not  admissible 
to  carry  a  great  weight  of  machinery  in  order  to  develope  it  with 
econorav,  and  when  exercised  the  cost  of  fuel  woukl  be  a  secondary 
consideration ;  on  the  other  hand,  it  is  absolutely  necessary  for  the 
cruiser  to  be  able  to  steam  great  distances,  at  a  low  rate  of  speed,  with 
great  ecouomv  of  fuel,  thereby  enabling  her  to  remain  at  sea  for 
leno-thened  periods  of  time;  but  this  low  rate  of  spaed  cannot  be 
economically  developed  by  the  machinery  usually  designed  for  sus- 
tained high  speed. 

According  to  the  able  and  interesting  report  of  Passed  Assistant 
Engineer  John  A.  Tobin,  U.  S.  X.,  published  as  House  Ex.  Doc. 
48  of  the  second  Session  of  the  Forty-seventh  Congress,  the  average 
weio-ht  of  the  steam  machinery  of  British  merchant  steamers  is  480 
pounds  per  indicated  horse-power,  and  that  of  the  light  cruiser  Iris 
is  289  pounds;  and  the  average  of  the  ships  of  the  British  navy  is 
360  pounds  per  horse-power,  while  that  of  the  torpedo  ram  Polyphemus 
is  180  pounds,  and  of  the  two  classes  of  swift  torpedo  boats  the  weight 
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of  tlio  .'•team  iniu-liincry  i-^  only  /j7'7  an<l  00*o  jv)innl.-  {M-r  indicated 
horse-power. 

This  rcinarkahlc  n(hi<ti<iii  ..t'  ud-jht  is  a«-<ornj)Ii>he(l  l»v  the  use  of 
the  l(H-omotive  tuhuhir  hoihr,  with  air-tight  tire-rooni  and  f'orred 
dran{^ht,  fiirnivhinj;  .steam  of  high  pressure  to  ver}'  liglit  machiner\', 
constructeil  of  stJ^-l  and  l)rf)n7,<',  which  tnmsmits  great  powor  hv  its 
celerity  of  movement.  The  ma<.'hinery  is  designed  on  what  mav  be 
called  the  emergency  principle. 

Besides  the  l*ohjphfmus,  the  crui.sers  recently  constnictecl  for  the 
Cliinese  and  Chilian  governments  have  IxM^n  engined  partiv  on  the 
emergency  plan,  the  l>oiler  iM'ing  of  the  hn-oniotive  tvjM-,  with  air-tight 
fire  rooms  and  force<l  dnmght,  and  iiavt-  j)niv<'«l  n-markahjv  successful 
ships. 

The  stejim  iniuliiiuM-y  »»t'  tin-  (rMi<<-r  Cliicdgo  is  t<»  weigh  0.'»7  tons, 
and  is  to  develope  o,()0()  indicated  h(»rses'  jmwer ;  this  wouM  give  419 
poimds  per  liorse-p(»wer.  The  steam  machinery  of  tin*  Ji(jMfon  and 
Atl(i)ita,  3,(MK)-ton  cruiseTs,  is  to  weigh  7(>()  tons,  and  to  develo|)e 
3,5(M)  horse.s'  power,  which  would  give  448  |>ounds  |K'r  horse-|>ower. 

If  the  8,00()-ton  cruisers  are  taken  as  an  illustmtion,  it  c:m  b*-  >hown 
that  the  adoption  of  emergency  power  wotdd  permit  of  a  n-ihir-tion  in 
the  weight  itt"  machinery  of  1  .")0  tons,  whi«'h  coidd  Im-  applitil  to  give 
additional  shield  protection,  and  tin  attainment  of  an  emergency  speo<l 
of  18  knots  |M'r  honr,  with  great  economy  of  passiigc  jMtwer;  as  when 
running  at  the  lower  rate  of  spe<'<l,  a  part  of  the  engine  jxnver  could 
be  disconnecteil  from  the  pro[)eIling  instruments,  therebv  avoi<linp  the 
loss  from  friction  and  radiation  invi>lvc<l  by  an  amount  of  machinery 
in  excess  of  the  power  developed. 

This  fixture  would  Iw  an  impr(»venient  on  anv  v<>s.«;cl  vet  constructed 
and  could  Ixj  applied  by  gearing  the  crank  shafts  of  vertical  cylinder 
direct  ading  engines,  to  the  shafts  of  twin  s<'n'ws,  one  c«.iu|Kiinid 
engine  iH'ing  applie<l  to  the  cnuik-shaft  forwanl  of,  and  the  other  aft 
of  the  driving  pinion,  with  a  disconne<'ting  couplinir  on  the  cnink- 
shaft  f(»r  each,  so  that  either,  or  l>oth  of  the  doid)le  <'vlinder  c«>mi)ound 
engines  couKl  be  u.setl  for  driving  the  ship.  A  vess«>l  of  ;{,(KX»  toiw 
displacement  should  have  a  central  longitudinal  bulkluwl,  dividing 
the  under  water  Ixxly  into  two  main  ei>mpjirmi'nts,  whi«'h  woidd  be 
subdivide*!  by  athwarlship  bulklu-.ids.  Kach  m'H'w  would  U^  driven 
by  two  sepanite,  vertic:il-<'ylinder,  din^'t -ailing  oom|H>und  engines,  the 
cylinilers  iH'ing  placed  close  up  Jigainst  the  (vntral  longitudinal    bulk- 
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head  in  their  respective  compartments,  in  order  to  obtain  the  greatest 
available  height  under  the  crown  of  the  curved  shield,  which  would 
rise  one  foot  above  the  water-line.  Then  if  the  crank-sliafts  were 
placed  as  low  down  as  possible,  there  would  be  ample  room  under  such 
a  curved  shield  in  the  3,000  ton  ships  for  vertical-cylinder,  direct 
acting  engines  of  36  inches  stroke  of  piston,  with  connecting  rods  of 
7  feet  3  inches  in  length. 

Such  engines  geared  down  so  as  to  make  about  two  revolutions  for 
each  turn  of  the  screw,  designed  to  combine  lightness  with  strength, 
like  those  of  the  torpedo  boats,  furnished  with  steam  of  high  pressure, 
generated  in  locomotive  tubular  boilers,  with  air-tight  fire-rooms,  and 
forced  draught,  and  having  a  piston  speed  of  about  1,000  feet  per 
minute — making  about  165  revolutions  per  minute — thereby  trans- 
mitting great  power  by  very  light  machinery,  by  its  rapidity  of  move- 
ment could  easily  develop  the  emergency  power  required  within  the 
limits  of  weight  proposed,  with  great  economy  of  passage  power. 

When  running  at  a  low  rate  of  speed  only  one  compound  engine 
would  be  used  to  drive  each  screw,  one  engine  being  disconnected, 
therebv  avoidino;  the  loss  from  friction  and  radiation  incident  to 
running  a  greater  amount  of  machinery,  than  is  due  to  the  power 
developed.  When  running  at  emergency  speed,  of  course  all  the 
engines  would  be  used  to  drive  the  ship.  Such  a  form  of  machinery, 
would  also  be  a  great  safeguard  against  accidents,  as  well  as  a  source 
of  economy  when  running  at  low  speed,  as  the  ship  could  be  run, 
should  occasion  require,  by  any  one  of  the  four  compound  engines,  and 
could  not  be  totally  disabled  until  all  four  engines,  or  their  connections 
were  broken  clown. 

A  thousand  feet  per  minute  may  seem  a  very  high  piston  speed,  but 
some  of  the  new  torpedo  boats  having  engines  of  16  inches  stroke  of 
piston,  make  480  turns  of  engine  and  screw  per  minute — there  being 
no  gearing — which  is  a  piston  speed  of  1,280  feet.  It  should  be 
remembered  that  the  high  emergency  power  would  be  but  rarely  called 
into  action,  and  then  for  only  a  few  hours  at  a  time ;  it  should,  there- 
fore, be  clas.sed  with  the  battery  as  a  weapon  of  war,  never  to  be  used 
except  in  an  emergency. 

It  may  be  objected  that  with  such  extreme  high  power  the  coal 
supply  would  not  last  for  more  than  four  days  continuous  steaming  ; 
and,  in  reply  it  may  be  stated  that  the  ordinary  complement  of  ammu- 
nition would  be  exhausted  by  less  tiian  two  hours  rapid  and  continuous 
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firinj^.  UiHler  onliimrkwiniiiiHtaius's  in  tlrnef)!'  [M*aiv  tlu*  liijrii  iiikt- 
gency  poHXT  wouM  iiev«'r  lur  txi'rt«-<l,  txjfpt  for  exen-i-M*  or  <lrill,  in 
opflor  to  pivf  thooftioors  and  men  skill  in  its  (is<«  when  w^twion  n'«jnir»-d. 

As  tlie  power  nw<-ssjiry  to  drive  a  xliip  vuri»a*  as  the  cul>e  ot"  lier 
speed,  anil  as  it  is  estimate*!  .'J,.0OO  liors*'^'  jjower  will  give  the  .'i.<KM>- 
ton  ship  a  sp»Ml  of  lo  knots,  therefore  :ts  |.V  :  IH'  ;  .*J,.'»<H»  »i,n4.j 
horses'  |K)\ver,  wliieh  with  •'»">"  ton-  of  tiia<-hinerv  wf>nld  t'^iv.  1'<kJ 
pounds  jH'r  liorHe-power. 

I  am  <vell  aware  it  niav  l)e  f)l»j«'<'t«-<l,  the  nih'  <tf  the  eulx-^  M»i;_'ht  n«»t 
hold  good  for  so  high  a  sih-*-*!  as  IH  knot**,  hut  the  margin  Ixtween 
57'7  and  2<»;{  ]N)nn<ls  in  the  weight  of  maehinerv  would  far  more  than 
cover  any  discrepancy  which  <"oul<l  ari.se  frf»m  that  «»r  any  other  cause. 
The  Ikitish  ship  Ir'm  having  a  di.spla<-oment  of  .'{J.'.')  tons,  nwde 
iX'.jH?  knot.s  |MT  hour  on  the  miiisun"*!  mile,  with  an  indie<iteil  horse- 
power of  7,55t) ;  ami  the  sister  .ship  Mercury  mad<'  \&i*>l  with  a  devel- 
opmeut  of  7, oil  horse-puwer.  .Sh-  "  War-."^hips  an<l  Navies  of  the 
World,"  hy  Chief  Kngineir  .1.  \V.  King,  I'.  .'^.  Navy. 

The  lot*  tcju.s  additional  shield  prot<-«-tion  wouM  permit  of  an  ex<vl- 
lent  defen.se  of  the  water-line,  and  admit  of  all  the  gtins  l»eing 
moimte<l  in  the  single  gun  turr.'t.s,  or  dctlifting  \  -hield.-*,  giving  a 
substantial  protection  agjiinst  the  fire  of  hi'Jivy  giin.s.  Acc»»nling  to 
the  present  designs,  the  guns'  crews  of  the  three  new  shi|iH  wouM  U* 
almost  entirely  ex|M»se«l,  as  the  guns  Jire  to  W  mounte*!  in  vertii-al 
<'yliiidri«-il  half  turrets  of  only  Urn  inchru  thivkmtv  nf  jJatinij,  jtrt' 
seiiliitf/  a  dinrt  rcsi)4nncf^  three  feet  high,  ami  opm  at  the  top,  witli  a 
light  mantlet  over  the  hreeeh  end  of  the  gtin.  as  a  pr<»t«i"ti«»n  apiinst 
light  machine  giui  tiir  ;  such  a  di>|)osition  of  armor  is  .^imply  futile; 
a  gun  exi>4ise<l  in  that  way  niiuiot  \ie  fought,  and  a  gun  that  i-nnni>t 
\)c  worki^l  had  hetter  Ik?  left  on  shore.  The  same  weight  pn»|M'rIy 
dispose<|  would  give  Intth  the  water-line  an<l  guns'  crews  a  fair  UM-tiMire 
of  prote<-tion  against  the  lin-  of  Iwavy  guns,  hut  with  the  pn-^iit 
dis{Hxition,  it  will  simply  enctuuU'r  a  ship  with  the  weight  of  armor 
without  giving  her  the  iM'Uetit  of  its  prot«'»*tion. 

The  vessels  of  ;i,<HM»  tons  displai*ement  now  building — although 
prtnidtnl  with  airtight  tire  rooim*  an«l  fon-e^l  drau((ht — owing  to  Iwdlr 
ilispos^fl  armor,  jM>nderous  m.icfiincrv.  and  single  htt'w-,  will  not  In* 
iHjual  in  power  of  Uittery,  ^jHttl,  handinesc*,  or  sea  enduranci»  to  the 
veaeeln  of  only  l,.'tol)  tons  displaci>ment  constructed  by  Sir  William 
Armstrong  tV  Co.  for  the  Chinese  g«)vernment;  as  tluise  v««»el.«»  encii 
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carry  two  26-ton  ten-inch  calibre  guns,  mounted  on  central  pivots,  one 
forward,  and  one  aft,  commanding  a  nearly  all  round  fire.  The  charge 
of  these  guns  is  180  pounds  of  powder,  weight  of  projectile  400  ponnds, 
and  will  penetrate  18  inches  of  solid  iron  armor.  They  carry  in  each, 
besides  four  40-pounders,  two  9-pounders,  two  Nordenfelts,  and  four 
Gatlings ;  and  furthermore,  they  each  carry  two  steam  cutters  fitted 
with  spar  torpedoes,  and  are  fitted  with  knife  rams,  which  their  remark- 
able manoeuvring  qualities  renders  a  formidable  weapon.  Such  a 
battery  is  far  superior  to  that  proposed  for  the  3,000  ton  cruisers  con- 
sisting of  two  8-inch  guns,  six  6-inch  guns,  and  six  machine  guns. 

The  weight  of  the  broadside  of  the  Chinese  cruiser  of  1,350  tons, 
omitting  the  machine  guns,  is  988  pounds ;  while  the  weight  of  that 
proposed  for  the  3,000  ton  cruisers  would  be  800  pounds,  with  far 
greater  armor-penetrating  power  for  the  battery  of  the  1,350  ton  ship. 

At  the  trial  trips  of  these  Chinese  vessels,  "  with  all  weights  aboard 
one  attained  a  speed  of  over  16  knots  per  hour,  and  the  other  16  knots, 
while  they  developed  remarkable  manceuvering  power.  After  going 
ahead  at  full  speed,  when  the  engines  were  stopped,  the  ship  was 
brought  to  a  stop  in  3|  lengths.  With  the  engines  reversed  they  were 
stopped  in  about  1|  lengths.  And  with  one  engine  going  ahead  and 
the  other  astern,  they  circled  rapidly  within  their  own  length." 

It  is  almost  needless  to  say  that  no  such  handiness  could  be  obtained 
from  a  vessel  propelled  by  a  single  screw;  nor  anything  like  the  speed 
from  the  3,000  ton  ships.  (For  description  of  Chinese  cruisers  see 
"The  British  Navy,"  by  Sir  Thomas  Brassey,  K.  C.  B.,  vol.  1, 
page  547.)  The  horse-power  of  these  Chinese  cruisers  is  2,600, 
or  1*92  horses'  power  per  ton  of  displacement;  while  the  proposed 
3,000  ton  cruisers  are  to  have  3,500  horses  power,  or  1-16  per  ton  of 
displacement.  These  vessels  of  1,350  displacement  carry  300  tons  of 
coal,  which  will  enable  them  to  steam  continuously  for  28  days  at  8 
knots^per  hour ;  while  the  proposed  3,000  ton  cruiser  will  carry  500 
tons  of  coal,  which  will  enable  her  to  steam  27  days  at  the  same  rate. 
It  will  therefore  be  seen  that  the  Chinese  cruisers  of  1,350  tons  dis- 
placement, are  superior  to  the  proposed  3,000  ton  ships  in  all  the 
points  enumerated,  and  it  can  also  be  shown  that  these  smaller  vessels, 
besides  being  more  efficient,  would  cost  far  less  for  construction,  and 
after  maintenance. 

Although  the  Chinese  cruisers  are  superior  to  the  proposed  3,000 
ton  ships,  they  are  defective  in  having  the  crowns  of  their  curved 
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Khields,  tor  the  (Icfeiis*,'  of  llic  natrr  liiK-,  planil  S4i  l(j\v.  a-  to  jfive  no 
margin  of  huoyancy  in  tijo  alisence  of  water  excluding  .stf)res  when  tlie 
8ide.s  of  tin*  vcKs<'l  arc  pcnctnit*"*!,  adinittiiig  \vat<'r  into  the  v«-ssol  alx^ve 
the  shield,  thereby  sinking  licr.  It  may  he  urged  that  .f*  the  stores 
arc  used  the  ship  would  l>e  lightened!,  and  the  cn>\vn  rai"^-*!,  s^)  as  to 
exclude  wat<'r ;  this  U  true,  hut  as  the  <'rown  is  raiswl,  s<»  likewis*?  are 
the  sul)merged  iHlgcs,  and  a.-  such  a  light<-ne<l  ves.«*4-|  rolhnl,  ^he  would 
expose  her  sides  to  penetration  hv  j)roj«*<'til«-s  Im-Idw  the  .shield.  It  will 
therefore  he  seen  that  the  only  alternative  is  to  give  the  vessel  hy  mentis 
of  the  shield  a  margin  of  huoyaney  al>ove  the  wat<r-line,  and  to  trim 
for  action  hy  admittitig  water  to  the  cellular  Ixtttom;  whieh  will  also 
give  stability  of  gun  platform  to  the  ship. 

Th(!se  Chinese  vess4«ls  also  have  all  their  gun-*  mount***!  on  the  o|)en 
<le<'k — except,  perhaps,  light  mantlet>over  the  bn'e<*h  i'n<Is«>f  the  guas, 
as  a  prote<'tion  against  light  machine  gun  tin* — now,  no  matter  what 
the  size  of  a  gun,  it  is  not  of  any  uh*,  utdess  it  o:in  Im*  worki**!,  and  no 
gun  can  be  worked  on  the  open  deek,  if  opjMisitl  bv  a  Kattery  of 
lli)tehkiss  rt!volving  <':innon  mounte<l  in  the  light  vertic:il  V  -liields 
of  only  two  tons  weight,  of  tin-  ty|)e  d«!scril)e<l  and  illustnitetl  in  fhi'« 
article.  If  half  the  weight  of  the  guns  wa-*  put  into  such  shieMs,  it 
wouhl  be  a  great  improvcnu'ut. 

The  Chin«'se  crui.s<'rs  an*  also  defective  in  lH*ing  titti**!  with  horix<>ntal 
engines,  as  such  a  form  of  steam  maihinepk*  «HH':i.sions  gn'siter  losj*  t'n)ra 
friction,  we:irs  out  more  nipidly.and  is  more  difficult  to  keep  in  n-jwir 
than  the  vertic:il  type.  Tin-  vertical  rylimler  engine  is  the  only  I'orm 
that  should  ever  br  put  into  a  H-rew  ship. 

Tf  the  |)lans  of  the  ."{.(too  ton  cruisers  Iln.-<tnn  and  Atinn'n  were 
modifiitl  in  acct»rdanc<'  with  tin*  d<'signs  In-n-in  atlv«M>:»te«l,  inclu<iing 
adequate  water-line,  and  gun-shicM  protection,  with  emergen**)'  |v»wer 
engin(*s,  they  would  pnxhK***  v«*s.s«*ls  not  oidy  superior  to  the  Chinese 
cruiM*rs,  but  ships  having  suiVicient  defensive  and  offensive  |>owers  as  to 
enable  them  to  su<'c«ssfully  (intend  with  armor  dads  of  much  gn-ater 
disphuvment,  ('ombini**!  with  higher  emergt*ncy  spewl,  and  gn':iter  sea 
endunmce,  whi«'h  w<»uld  give  them  great  value  as  ix>mmen*i*  de<tn\vers. 

If  it  is  considcntl  more  desir:d»le  to  n'tain  the  sjim**  ^pittl.  and  c«>n- 
stnict  vessels  of  greater  «h*fensivc  and  offensive  |>owers  by  giving  the 
3,00(1  ton  cru:s«'rs  onlv  .'?,.*>o<)  horse-jxiwcr  as  is  tji»w  pn»|xw«l.  the 
weight  of  such  steam  maehinerA-  on  the  emci^*ncy  plan  l>;fii*i  of  203 
jwunds   j)er  indicate*!  liorso-|M>wer,  would  be  321  tons,  1,460  jiouiHifl, 
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leaving  378  tons,  780  pounds  of  the  700  tons  now  allowed  for  steam 
machinery,  for  increasing  the  defensive  and  offensive  powers  of  the 
ship. 

This  378  tons  saved  from  steam  machinery  by  the  adoption  of  the 
emergency  principle,  if  put  into  heavy  guns  and  deflective  armor 
judiciously  disposed,  would  produce  a  vessel  which  could  contend  suc- 
cessfully with  any  armor  clad  now  in  existence.  Or  this  weight  could 
be  distributed  to  increase  the  defensive,  offensive,  and  motive  powers. 

If  the  3,000  ton  ships  were  supplied  with  petroleum  for  fuel  in  time 
of  war,  it  would  increase  their  sea  endurance  threefold,  and  enable 
them  to  steam  continuously  at  7  knots  per  hour,  for  120  days,  during 
which  time  they  could  traverse  19,160  nautical  miles.  This  great  sea 
endurance,  with  the  great  factor  of  safety  in  their  steam  machinery,  by 
its  division  into  four  separate  compound  engines,  any  one  of  which 
could  be  used  for  driving  the  ship,  should  the  others  be  disabled,  would 
make  the  vessel  entirely  independent  of  sail  power. 

Besides  the  three  vessels  before  mentioned,  provided  with  shield 
protection,  the  Naval  Advisory  Board  has  designed  a  fourth,  of 
1,500  tons  displacement^  having  no  shield  protection,  in  which  defen- 
sive and  offensive  power  are  intentionally  sacrificed  to  lightness  and 
and  speed.  This  vessel,  to  be  called  the  Dolphin,  is  to  be  armed  with 
a  single  6-inch  gun,  mounted  on  the  open  deck,  and  four  machine 
guns  mounted  in  direct  resistance  shields.  The  boilers  will  be  partly 
above  the  water-line,  and  the  engines  will  project  11  feet  6  inches 
above  it.  This  ship  is  intended  for  an  armed  dispatch  vessel.  The- 
British  Government  has  recently  constructed  two  vessels,  the  Iris  and 
the  Mercury,  for  similar  service,  but  the  steam  machinery  of  those 
vessels  is  protected  by  being  entirely  below  the  water-line. 

The  Dolphin  is  now  building,  and  the  Naval  Advisory  Board,  in  a 
letter  addressed  to  the  Honorable  Secretary  of  the  Navy,  dated  Octo- 
ber 25,  1883,  has  recommended  that  another  similar  vessel  be  con- 
structed next  year ;  claiming  that  such  vessels  would  be  very  useful 
for  the  performance  of  the  multifarious  duties  of  general  cruising,  sur- 
vey, and  exploration,  etc.,  in  time  of  peace,  and  as  commerce  destroy- 
ers in  time  of  war. 

There  is  no  question  but  that  the  Dolphin  would  make  a  very  suc- 
cessful war-vessel  in  time  of  peace,  and,  if  we  were  building  a  peace 
navy,  her  type  would  do  very  well ;  but  if,  while  serving  as  a  com- 
merce destroyer  in   time  of  war,  she  should  unfortunately  meet  an 
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armotl  vessel  of  the  eiieinv  of  Itn-  si/x",  Hiiiiilar  U*  the  Chinese  crui-serB, 
she  wotiM  siiiiplv  have  t<»  haul  <Im\mi  her  flaj^,  for  Axg  wouhl  not  have 
the  |)0\v«*r  of  hattcrv  to  fi^^ht,  imr  thi-  •.|K'<'<I  to  niii  awiy. 

In  «v('nt  of  war,  any  <le>iral*l<-  nunilxr  of  jtuninrn-e  (h>troycr!», 
efjuallv  ax  effu-ient  a.s  the  Dolphin,  conhl  i-jwily  Ik?  injprovi8e<l,  by 
rnukit)^  slight  nMMlihcjitions  to  our  efKLstwi-*-  ^t«-Jim«Ts.  wliilr  fijrhtin^ 
whips  ran;iot  Im-  inijjrovi.M-*!,  hut  re<|uire  to  \n-  lalH»riou>ly  eonstrii«i«.tl 
for  that  speeial  |Hjr|>osc,  involvinj^  a  j-onsijh-nihle  |)erif>d  of  time. 
Therefore  it  is  certainly  \mm\v  |>oli<'y  to  <'X|M'n«l  any  jmrt  of  the  !-niaII 
appropriatoris  ohtainahh'  for  the  inrreas*-  of  thr  Navy,  whih-  it  is  in 
its  prr-Miit  wtak  «<iii(liti(fn.  for  any  oth<r  |»iirjx»s«-  than  th«'  i-onstnntion 
of  fij;htin^  ship-. 

Instc-jul  of  tii-st  <le-i^nin^  a  comhination  ot  iiull  ami  shi<-l<l  uhi<'h 
wouhl  ^ivr  the  jjjn'sitest  measure  of  pr<»t»-«-ti()n  to  the  ^n':»t<'>t  interior 
sjMice,  with  tlie  h-jist  weight  of  arnior.  and  then  jriaein^  a  snitahh-  form 
of  enjrines  within  that  sjkuv,  the  ImkihI  si^eiu  to  have  tirst  <ht»'nnine<l 
niK)n  the  tv|M'  an<l  ditneiisions  f)f  tl»e  en^iiu>,  and  then  to  have  I  iillf 
the  ships  aniun<l  them. 

The  maehinerv  of  all  four  ships  i.s  eitluT  exiM)so<l  alxive,  or  h>  <lis- 
p<»se(|  Ixlow  th<'  water-line  as  to  vitiate  any  henetit  to  U*  ohtain<<<l  from 
shield  protntion.  In  the  twin  sirew  eruiser  ( 'liiraffa  the  end-  of  the 
heanis  of  the  anomalous  en;;ini's  proj<rt  so  far  toward  the  siiles  as  only 
to  Im'  covennl  l»v  a  shield  presi-ntinj;  an  an«;h'  of  27  t«»  Imri/ontal  tire, 
whieh  with  1.^  inehes  of  jdatin;;  is  a  mere  tnivesty  on  protc^'tion.  In 
the  lioHtoH  and  Atlanta,  the  en^jines,  \mu^  iiori/.ontal,  do  not  interfere, 
hut  the  lK»ilers  projeet  out  so  far  as  to  re<|uire  a  shield  of  'Js"^,  which 
with  1.^  iiu'hes  thi<'l<n«'ss  of  plating  is  simply  futile;  and  in  the  Dol- 
phin, a  war-ship  desi};ne<|  for  xerrice  **  in  tiiiw  of  peare,"  the  enifines 
themselvi'S  projeet  11  feet  <>  inches  al>ove  the  water-lin*-. 

If  will  he  nndei-stiMxj  l»v  cNery  pr5K'ti«-al  nie^'hanic,  or  oth.  i  p«  r-"ii 
ot'oplinarv  intt-llij^eni"*'  and  com moii--eu>»',  that  then*  is  no  ne«tl  what- 
ever for  this  ex|H*iure  (»f  the  nuu-hinery  alM>ve,  or  improjH'r  disjwisi- 
ti<»n  of  it  helow  the  water-line;  for  the  small  vertiod  eylimhr  nipid- 
movinj;  engines  herein  iles<'ribeil,  whi<'h  arv  anali»}^>us  to  th«»S4'  which 
prcnliH'e  such  marvelous  s|mhhI  for  the  torin-^Io  IxNit^,  petiretl  *lowii  to 
the  revolutions  of  the  s^-rew,  ••an  1h>  worked  and  completely  pn>teeted 
under  the  crown  of  a  curvc«l  shield  of  a  vess«'l  of  «»nly  G  tt-et  dnm-jht. 
with  the  <Mown  of  the  shield  risinp  1  foot  alnnv  the  water-lim\  Of 
(x>urse  a  vessel  of  such  very  lijrht   dr.iuj;ht  woidd    not    have  a  double 
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bottom,  but  when  a  double  bottom  is  used  there  would  be  no  objections 
to  recessing  the  small  driving  pinion,  and  cranks  into  it,  in  order  to 
increase  the  height  for  the  small  vertical  direct  acting  engines. 

In  this  connection  it  may  be  well  to  state  that  to  gear  a  screw  up,  in 
order  to  make  it  turn  faster  than  the  engine,  requires  very  heavy 
machinery,  while  to  gear  it  down,  as  proposed,  may  be  accomplished 
by  very  light  machinery. 

The  locomotive  type  of  boiler  will  also  go  under  the  curved  shields 
of  the  lightest  draught  vessels. 

It  may  be  objected  that  the  locomotive  boiler  is  not  one  of  great 
endurance,  that  it  is  not  the  form  best  suited  for  use  on  shipboard. 
To  this  it  may  be  answered,  as  the  power  necessary  to  drive  a  ship  18 
knots  is  8  times  as  great  as  that  needed  to  drive  her  9  knots,  which 
speed  would  j  not  be  exceeded  except  on  rare  occasions,  therefore 
sufficient  boiler  power  of  the  ordinary  type  could  easily  be  carried  to 
develope  the  passage  power,  with  a  very  slight  increase  in  weight, 
while  the  emergency  power  would  be  obtained  from  steam  generated 
in  the  much  lighter  locomotive  type. 

If  geared  engines  should  be  objected  to  there  is  room  under  the 
curved  shield  of  the  3,000  ton  ship  for  vertical-cylinder,  direct-acting 
engines  of  short  stroke ;  or  for  what  would  probably  be  still  better, 
vertical-cylinder  engines,  set  up  close  against  the  central  longitudinal 
bulk-head,  in  order  to  obtain  the  greatest  vertical  height,  with  vibrating 
bell-crank  levers ;  by  such  a  type  of  engines  a  length  of  stroke  of  five 
feet  could  be  obtained. 

As  the  steam  machinery  of  the  first  class  torpedo  boats  weighs  but 
57" 7  jiounds  per  indicated  horse-power,  the  difiference  between  that 
weight  and  419  pounds  in  the  Chicago,  and  448  pounds  in  the  Boston 
and  Atlanta,  seems  to  be  a  high  price  to  pay  for  the  economy  of  fuel  to 
be  obtivined  by  its  use  on  rare  occasions,  for  short  periods  of  time, 
particularly  when  we  consider  this  ponderous  machinery  itself  has  to 
be  carried  at  the  high  speed,  and  that  additional  power  has  to  be 
applied  to  overcome  the  resistance  due  to  the  displacement  incident  to 
its  weight. 

Besides,  it  should  be  remembered,  this  heavy  machinery,  if  properly 
proportioned  for  sustained  high  speed,  could  not  be  run  with  economy 
at  the  low  rate  of  speed  at  which  a  war-vessel  consumes  by  far  the 
greater  part  of  her  coal.  The  new  ships  are  designed  to  effect  econ- 
omy in  the  consumption  of  one-twentieth  part  of  the  fuel — that  used 
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at  high  fij)CO(l — and  for  wjLstefiil  oxtravapince  in  the  rf)nsum|)tion  of 
the  remaining  nineteen-tweiitieths  ;  and  arc  han<ii(-]ip]><fl  with  an  enor- 
mous weight  to  j»nKhu'c  this  rt-siilt.  It  will  then-fore  Ik?  Hx-n  that 
true  economv  i^  ohtjiintii  hy  the  use  rif  the  light  rapid-working  engines, 
whieh  type  hits  of  late  years  l)eeii  found  to  give  the  greatest  measure 
of  e<!onotny  (m  shore,  where  the  problem  is  not  complicate<I  hy  di-s- 
placenient,  resi.stance  and  .space. 

I  do  not  propose  to  construct  steam  machinery  fur  cruising  vessels 
on  a  basis  of  fu'7  pounds  per  indie:ited  hoi*se-|M)wer,  but  to  tiike  oOO 
tons  of  the  700  allowcnl  for  the  machinery  of  .'{,0<M)-ton  cruisers 
Boston  and  Atldnta,  and  with  it  to  give  them  suflieient  |)ower  to  drive 
them  18  knots  ptr  hour;  and  if  it  require<l  <J,Oio  horse- power  to 
attain  that  sjK'ed,  it  would  aUow  20.'J  {HMinds  imt  h<irse-|»wer. 
The  150  tons  s;ive<l  from  niachinery  would  pertnit  of  an  :idequate 
defence  for  the  water-line,  hejivier  guns,  and  wIkh  mounteii  in  the 
single-gun  turrets,  or  \'  shields,  of  a  very  large  me:u*ure  <»f  prote«'tion 
for  the  few  men  nec<'.s.s;iry  to  work  these  guns,  even  again.-t  iIm  tir.  of 
guns  of  equal  power. 

In  reply  to  some  severe  criticisms  by  the  I>>ndon  Engineer  oi\  the 
Naval  Advisory  lioard,  and  the  ships  it  has  ilesigne<l,  the  secretary  of 
the  board  re|)lies  that  the  sime  statements  "condemn  tive  of  the  im>st 
approved  new  Briti-'h  cruisers,  which  are  substantially  of  the  sjime 
<lescriptiou  as  to  |»rotertion,  weight  ot"  batterv.  thi«*kne.ss  of  d«H'k,"  etc. 
'J'his  ass<^'rtioii  is  not  <'orrect  ;  but  ailmitting,  tor  the  s;ike  of  argument, 
that  it  was  strictly  so,  would  that  be  sutlicient  excuse  for  the  l)oard  to 
inflict  similarly  worthhss  vessels  ujmiu  the  .Vmerican  navy*.'  If  the 
boanl  had  authority  to  construct  a  ram  is  it  to  Ix;  underxtixnl  they 
would  copy  the  liritish  Ptlyphcmun? 

The  A<lminilty  nuHlifuHl  the  excellent  plan  of  deflective  ram, 
designed  by  Kear-Admiral  Ammen,  I'.S.  N.,  until,  by  various  improve- 
ments— one  of  which  was  the  sifuring  of  thnt'  IuuuIixmI  tons  of  c:ist 
iron  on  her  bottom,  to  be  dropp«'<l  into  the  .s«>a  to  ensure  her  buoyancy 
if  she  should  spring  a  leak  —  tln-v  pro4lu<"i»d  the  /*#»/»//>/«'■"•  liJ*.  a  complete 
failure  ;  and  they  seem  to  have  improvtil  the  curvctl  deflivtive  >hield, 
until  they  priKJuced  that  of  tiie  Leauder, — this,  however,  luis  Uvn 
terme<l  *'  the  dev»>lopment  of  armor  * — and  now  thelMwnl,  by  a  further 
improvement  in  the  same  tliriH'tion,  by  adtling  six  or  eight  (h'grecs  to 
the  horizontal  angle  of  incidenctJ,  have  pi-oducetl  the  siiield  of  the 
Boston  and  Atldnta. 
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Our  navy,  at  the  present  time,  is  in  a  truly  deplorable  condition, 
consisting  as  it  does  almost  entirely  of  obsolete  wooden  ships,  and  still 
more  obsolete  guns.  With  the  present  range  of  improved  rifled  guns,  the 
projectiles  of  some  of  which  weigh  as  much  as  a  ton,  the  four  important 
cities  of  New  York,  Boston,  Portsmouth  and  Norfolk  could  be  shelled 
from  the  open  sea,  by  armor  clads  laying  in  twenty-four  feet  of  water. 
These  four  cities  are  designated  because  they  each  have  a  national  navy 
yard  in  close  proximity  to  their  centres  of  population,  and  it  would  be 
the  duty  of  the  admiral  commanding  any  hostile  fleet  sent  against  us, 
to  destroy  these  naval  stations,  and  from  the  unsteady  platform  of  a 
vessel  at  sea  it  would  be  impossile  to  prevent  shell  from  dropping 
around  a  radius  of  several  miles  from  the  point  aimed  at.  This  would, 
no  doubt,  be  the  excuse  for  laying  the  wealthy  cities  of  New  York 
and  Boston  under  heavy  contribution.  Aside  from  the  direct  loss,  the 
indirect  loss  from  panic,  depreciation  in  values,  and  disturbance  of 
business  would  be  enormous,  far  more  than  enough  to  build  twenty 
small  navies  such  as  we  require.  And  it  nnist  not  be  sn})posed  the 
entire  loss  would  fall  upon  the  seaboard  ;  if  the  exit  through  the  port 
of  New  York  or  San  Fi-auciseo  was  stopped  by  a  single  foreign  armor 
clad  for  only  twenty-four  hours,  what  efl'ect  would  it  have  on  the  values 
of  the  western  products,  corn,  wi)e5it  flour,  and  pork,  and  of  the  cotton 
of  the  south?  Twenty-four  hours  blockade  would  occasion  a  financial 
revulsion,  inflicting  a  greater  loss  on  the  business  community  than  the 
cost  of  twenty  navies.  It  would  touch  the  pocket  nerve  of  every 
producer  in  the  country. 

At  the  present  time  our  entire  coast,  including  some  of  its  chief 
cities,  of  enormous  wealth,  is  entirely  at  the  mercy  of  any  third  rate 
naval  power  which  happens  to  possess  two  or  three  modern  armored 
vessels.     The  present  condition  of  our  navy  simply  invites  attack. 

It  has  been  asserted  that  we  could  defend  our  coast  with  torpedoes, 
but  those  who  are  competent  to  judge  of  such  a  matter  knows  that  tor- 
pedoes are  only  an  adjunct,  very  useful,  in  fact  indispensable,  but  that 
the  unit  of  force  is  the  gun-bearing  vessel,  from  under  whose  fire  tor- 
pedoes can  be  most  effectively  used,  and  by  which  an  enemy  can  be 
pursued,  destroyed,  or  captured  ;  and  the  scene  of  combat  removed 
from  our  own  firesides. 

The  plan  contemplates  quite  an  inexpensive  navy,  which  should 
commend  it  to  economists,  it  is  based  on  the  simple  laws  and  practices 
of  mechanics,   with   nothing  abstruse  or  complicated  about  it,  and 
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should  tliercfoic  l)e  supported  l>y  people  of  eonimon  sense;  and  it 
proposes  to  construct  ships  and  not  coftins,  a  feature  which  .-houM 
cotnniend  it  to  the  favor  of  every  professional  s<afarin<r  man. 

Some  of  the  foreit^n  armored  vessels  now  l)uildin<:  eo>t  from  four  to 
five  million  dollars  CJich,  wliil<*  no  ves.-el  hiiilt  ujHin  this  plan  ne«-«l 
(;ost  more  than  one  million,  and  the  great  majoritv  not  more  than  halt' 
that  sum  ;  jind  very  ellieient  ship-  r;u\  he  produce<l,  fully  armed  :md 
e(piipi)ed  at  a  cost  of  ?30(),00(». 

When  it  is  considered  that  any  vessel,  no  matter  what  lier  size,  itiii 
1)0  completely  wrecke<l  hy  a  well  directed  torp<*<io,  and  that  the  lar^M-r 
the  vessel  the  greater  the  danger  of  such  a  calamity,  the  folly  of  huild- 
ing  >iieh  unwieldy  shi|»s,  and  the  wi-<lom  of  eonstrueting  the  »maller 
and  cheaper  ones,  on  the  j)lan  herein  |»roj»os(Hl,  will  he  :ippre<-iate<l. 

Kvery  State,  comity,  city,  townshij),  and  horoiigh  in  the  land,  main- 
tains officers,  at  great  expense,  to  pnttect  persons  and  |trop«rty,  and 
enforce  the  laws  against  evildoers;  and  jls  there  is  prohahly  alnio-t 
as  much  moral  dej)ravity  in  the  ct»nduct  of  nations  as  there  is  in  that 
of  individuals,  it  is  ahsolutely  necessary  to  maintain  an  arnn-d  fon-*', 
for  the  protection  of  projwrty  on,  and  adjacent  U>  the  sea. 

Last  year  Congress  approj)riated  $  I, .']()<>,(  MM)  for  the  reconstruction  oi 
the  navy,  assiuning  that  the  <oiiiitry  i-ontains  r)4,(KK),0U()  jn-ople,  this 
would  lie  liiit  2y*jy  cents  cjicli  ;  >urely  not  an  extravagant  e.\|H'n<liture. 

It  has  hii'n  assert<*<l  that,  in  event  of  war,  our  adversari*-?",  whoever 
they  might  he  could  |>ureh;ise  some  of  the  swift  transit lantic  steamei>, 
and  with  them  destroy  our  coastwise  commerce,  which  is  |x?rfeetly 
triie,  hut  such  improvised  war  ships,  even  if  armed  with  heavy  guns. 
wouM  not  dare  attack  a  regularly  constructe<l  war  shi|>,  if  iK^igne*! 
uj)on  the  plan  herein  atlviK-ated,  for  it  would  he  fc:i.s;ihlc  to  con>truct 
su(;h  a  vessel,  even  upon  so  small  a  disphuvment  as  1,(MM>  or  !,•')<»(►  t(»ns, 
with  an  emergency  speed  hv  which  tlu'v  couhl  Iw  run  d(»wn.  an«l  then 
hy  tiring  single  the  forward  pivot  gun  into  the  stc'rn  on  a  liiu' with  the 
keel,  the  engines  projecting  far  ahove  the  water  line  would  U'discihUil  ; 
or,  if  that  should  tail,  such  a  ship  coidd.  Ixi  ea-sily  1k>  disjihletl  hy 
running  the  projecting  ram  of  the  pursuing  ve«H.'I  into  the  track  of  the 
propeller,  which  would  l>e  stripjKnl  of  its  hladi^  by  its  own  revolving 
|K)wer,  then  circling  around  the  iliscihUnl  vessel  to  a  jK>sition  al)eam,  a 
thn^t  to  r:un  would  hringdown  her  flag. 

Owing  to  their  defenceless  water-liiu's  it  would  l)e  im|x>ssible  to  keep 
any  one  of  the  four  new  ships  afloat  in  ailion  under  the  fire  of  nuKleni 
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guns ;  and  as  there  is  not  a  gun  on  any  one  of  them  which  could  be 
fired  in  action,  if  opposed  by  a  battery  of  machine  guns  of  H  inches 
calibre,  mounted  in  V  shields  of  two  tons  weight  each,  it  is  quite  feasi- 
ble to  construct  a  vessel  of  the  same  speed  and  displacement  as  the 
Dolphin,  engined  on  the  emergency  plan,  and  armed  with  two  10-inch 
pivot  rifles,  and  a  battery  of  IJ  inch  machine  guns  mounted  in  V 
shields,  which  would  be  more  than  a  match  for  all  four  of  the  new 
ships  combined. 


ELECTRO-PLATING  WITH  NICKEL. 


By  William  H.  Wahi,. 

TA  paper  read  before  tlie  Chemical  Section  of  the  Franklin  Institute,  Nov.  6, 1883.] 


Nickel-plating  is  an  American  industry,  in  the  sense  that  it  was 
iirst  successfully  practised  on  the  commercial  scale  in  the  LTuited  States, 
and  here  received  that  practical  demonstration  of  its  usefulness  that 
has  since  made  it  the  most  successful  and  most  widely  practised  branch 
of  the  art  of  electro-plating.  Coming  first  into  jirominence  and  popu- 
larity about  ten  years  ago,  it  has  since  that  time  rapidly  grown,  until 
to-day  it  has  developed  into  an  industry  of  great  magnitude.  The 
almost  silvery  whiteness  and  admirable  brilliancy  of  electro-deposited 
nickel ;  its  cheapness  as  compared  with  silver ;  the  hardness  of  the 
electro-deposited  metal,  which  gives  the  coating  great  power  to  resist 
wear  and  abrasion  ;  the  fact  that  it  is  not  blackened  by  the  action  of 
sulphurous  vapors  which  rapidly  tarnish  silver ;  and  the  circumstance 
that  it  exhibits  but  little  tendency  to  oxidize  even  in  the  presence  of 
moisture,  are  sufficient  to  explain  the  great  popularity  which  nickel- 
plating  enjoys. 

The  industrial  development  of  the  art,  however,  which  has  been 
surprising  both  in  respect  to  its  rapidity  and  extent,  may  be  attributed 
in  a  large  measure,  to  certain  favoring  circumstances,  quite  independent 
of  the  excellent  adaptability  of  the  metal  for  electro-plating  purposes. 
These  circumstances  are :  first,  the  great  advances  that  have  been 
made  within  the  period  above  named,  in  the  production  of  nickel 
on  the  commercial  scale,  by  which  the  cost  of  the  metal  has  been 
greatly  reducetl,  and  its  purity  greatly  increased,  for  which  we  are 
indebted  largely  to  the  American  Nickel  Works  of  Camden,  N.  J., 
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iui<ltr  thoscicntiHc  mana^<-iiMiit  nf  Mr.  .I'»4|.li  Wharton:  *  aii«l  s<-<t)H(I, 
tli«*  iiitnxliK'tiuM  ami  irivat  iriiprovcrncnt  within  this  |>erio<I,  of  the 
(Ivnamo-C'lectric   ma*  hiiK-,    which    |)la<c«|   at    thf    <li.>4|KMal   of    electro- 

*  Mr.  \Vliurt4Hi  Iihm  |iriMlnri<l  al  lii-i  work.-*  in  ('aMi<lcn,  N.  J.,  Hiiu-v  the 
year  1876,  to  the  clos*'  of  thf  yt-ur  Is^J.  1.4Mi,7t>j  |MiunilH  of  na-tuili*-  nii-kel. 
I  If  hf^raii  fX|ifriiiifritiii^  vfry  fjirly  t<»  dftfriMiiif  whflht-r  iiickfl  f<iui<l  m»t 
hf  |)ro<iii<-fi|  ill  a  piirf  and  iiiallfahlc  ((iiiilition,  htUM<'fittil)k*  of  Ihmii);  worked 
ill  nearly  Ihf  suiiif  iiianiifr  as  iron,  aii<!  of  heini;  uitplleil  in  the  nuiiiu- 
fa«'tnre  of  various  ohjeet.H  <ienian<liii^  u  strong,  ii<iti-oxi<li/ahle  luelal.  He 
Muceeedt'd  so  well  that  he  wu.s  enahle*!  to  di.'<|ilay  ut  the  Internatioiml 
Kxhihition  in  Vienna,  in  l87.'i,  n  Miniple  <if  nickel  in  the  form  of  axlen 
uikI  axle-i)farin^s;  and  at  tlie  I'hiladel|ihia  Kxhihiton,  three  yiiin«  later, 
he  exhiliited  a  reiiiarkalile  werii-s  of  ohjcct.H  made  «»f  trromjht  nirkrl.  Huch  ju* 
liars,  ro«ls,  etc.  Th«>s«' nhjcct.s  from  their  nnprett-ntiniis  eliaractcr  did  not 
attract  the  attention  they  ileserve*!.  As  a  matter  of  justice  to  this  indefati- 
j^ahie  and  intelligent  worker,  the  fad  should  he  placo!  on  |MTm:kiient 
record  that  he  had  succeeded  jls  early  as  tlie  year  1H7;{.  and  with  the  U-nn 
and  sulphuretted  ores  of  Iwincaster  (Jap,  reniisylvuniu,  which  yield  only 
from  \\  to  U  per  cent.  <»f  nickel,  in  prodticinj;  the  metal  in  malleahle 
condition. 

The  recent  discovery  of  pure  carl>oiiate<l  and  oxidi/ed  om»  of  nickel  in 
tin-  French  colony  of  New  Caledonia,  has  greatly  Htiiiiulali>«l  tin-  pHwlue- 
tion  of  this  metal  and  les.sfiie«l  its  prict- ;  and  the  highly  in^'enioiis  rcllnini; 
proei'ss  recently  discovered  hy  l)r  Fleitmann,  which  is  now  ulto(;i-ther 
use^l  in  the  pnxluclion  of  the  pure  metul,  Iihm  tended  In  tliesunie  ilirtH'tioii. 

The  suliject  is  of  such  interest  that  I  ijuote  tlie  following  hrlef  uc(H>untof 
Fleitiiiann'8  pnM-ess,  from  a  |>H|K'r  read  hefore  the  .-Vnierican  Inotittite  of 
^Iinill^r  l-'ii^'iiieersat  tlnir  lueetiiiLr  in  llo^ton,in  IKSJ,  hy  I'mf.  \V.  I».  Itlake, 
of  New  Haven,  viz  : 

"  I)r.  I'Meitmaiin.  of  Iserlohn,  Westphalia,  Triissia,  has  impnivf^l  and 
cheapened  the  operation  of  rellniiiK  nickel  and  tou>;henin);  it,  ^nd  has 
reduced  the  liahility  to  the  proeiice  of  hlow-holes  in  c».Htin(rs  liy  udtlin;;  to 
the  molten  eharne,  in  the  |M>t,  when  ready  to  |>»)ur,  a  v«Ty  sninll  «|uaiitily  of 
nia^nt>siuni.  Thi»  is  iinnie<liately  dei'oniiMtstMl,  nui|rni-Hia  Is  fornuil,  and 
f^raphite  Is  Heparated.  H  w«>ul<l  sei>ni  that  the  maKiiesiuni  d«i-oni|M».e^  the 
occluded  «-arlM>nl<'  oxide,  or  re<hices  it  to  a  minimum.  The  iiiulmk^uiiu 
must  lie  added  with  ^reat  care,  and  in  small  |M>rtions.  'ls  it  unit'  .  ely 

with  the  charge.     It  is  stirred  in.     .M»out  one  ouiuv  of  nnuriK  -urtl- 

cieiit  tor  »>n  i>oiinds  of  nii-kel.  F'roni  thn"e-<|.;arler<  of  an  ounce  to  :>\  |>ound.<« 
of  metal  have  heeii  used  with  8Uihm>s}»  hy  Mr.  Wharton.  The  nickel  fn>m 
the  ore  at  lianeaster  <  Jap  twenis  not  to  n-^iulre  its  nnieh  an  the  f«>n*l|fn  metal. 
It  in  to  ho  noted  that  <*oniplelo  malleahility  of  nickel  was  ohtalnt^I  at 
Wharton's  works  in  Camden,  In-fon"  Fleltmaim's  invention  or  pr«»<i>*».  Ixit 
tills  last  is  more  n«pi<l  and  hetter  than  tin- old  metlnMl.  The  metal  so  tn-ated 
l>ecoim>s  remark.-klily  toinrh  aiui  malleahle,  and  may  Ih»  ndleil  into  sheets 
and  draw  into  wire.     Cat»t  plati>scan  Ik- sik^h-ss fully  ndleii.     ThecR(»t  plates. 
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platers  a  constant,  powerful,  and  cheap  source  of  electricity,  in  the  place 
of  the  uncertain,  troublesome,  and  comparatively  expensive  voltaic 
battery,  to  the  use  of  which  they  had  of  necessity  been  hitherto  con- 
fined. Alex.  Watt*  was  among  the  first,  I  believe,  to  call  attention 
to  these  facts.  He  states  for  example  that  "  the  difficulty  in  obtaining 
pure  nickel  anodes  of  large  surface,  for  many  years  checked  the 
progress  of  this  useful  art,  whilst  the  slow  and  uncertain  action  of  the 
ordinary  battery  rendered  it  ill-suited  to  the  deposition  of  this  peculiar 
metal  on  the  large  scale  ;"  again,  "  it  is  doubtful  whether  nickel-plating 
would  ever  have  held  a  really  high  position  in  the  arts,  if  the  dynamo- 
electic  machine  had  not  been  introduced;"  and  in  another  place: 
^'  Indee<l,  as  we  have  said,  it  is  doubtful  if  this  branch  of  the  art  (i.  e. 
nickel-plating)  could  even  have  been  extenisvcly  pursued  with  advant- 
age on  a  large  scale,  if  battery  power  alone  were  available,"  In 
considering  the  subject  of  the  present  very  extensive  application  of 
nickel-plating,  therefore,  the  above  facts  and  explanations  should  not  be 
lost  sight  of.  So  general  has  the  demand  for  nickel-plating  grown  to 
be,  and  so  universally  is  it  employed,  that,  for  the  sake  of  economy, 


such  as  are  made  for  anodes,  after  reheating;  are  rolled  down  to  the  desired 
thickness.  It  is  found  that  it  is  a  great  Improvement  to  the  nickel  anode 
plates  to  roll  them  down.  They  dissolve  with  greater  uniformity  in  the 
bath.  Nickel  so  treated  with  magnesium  has  been  rolled  into  sheets  as 
thin  a.s  paper.  Expensive  works  for  rolling  tiie  metal  have  been  erected  by 
Mr.  Wharton  at  Camden.  There  is  already  a  train  of  40-ineh  rolls,  18  inches 
in  diameter,  with  annealing-ovens  and  gas-furnaces  and  their  adjuncts,  and 
a  90  horse-power  engine.  The  largest  sheet  yet  rolled  at  Camden  is  72 
inches  long  and  24  inches  wide,  of  pure  nickel. 

"  Dr. 'Fleitmann  has  also  succeeded  in  welding  sheet-nickel  uj^on  iron 
and  steel  plates,  so  as  to  coat  them  equally  on  each  face  with  a  layer  of 
nickel.  The  quantity  preferred  by  weight  is  1%  iron  and  f't,  nickel,  one- 
tenth  of  nickel  being  placed  on  each  surface.  To  secure  union,  the  iron  or 
steel  must  be  perfectly  flat  and  clean.  A  i:)ile  is  made  with  outer  facings  of 
sheet-iron,  to  protect  the  nickel  from  scaling.  When  the  whole  is  heated 
to  the  i^roper  degree,  it  is  passed  through  the  rolls.  The  two  metals  become 
so  firmly  united  that  they  may  afterward  be  rolled  down  two  or  three 
together,  or  separately,  to  the  thinness  desired." 

Consult  also.  Jour.  Franklin  Institute,  cxvi,  60,  et  seq.,  Art.  Notes  on  the 
Metallurgy  of  Nickel  in  the  United  States.     By  Wm.  P.  Blake,  F.G.S. 

Also  Galvanox)lastic  3fanipulaiions.  By  William  H.  Wahl,  Ph.D., 
Philadelphia.     H.  C.  Baird  &  Co.,  1883. 

"^^^Electro-Metallurgy,  Practically  Treated."  By  Alexander  Watt, 
F.R.S.S.A.    7th  Ed.,  1880.    ^.  m,  et  seq. 
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liinidreds  of  establisliinoiits  thnnifrliout  the  United  States  ciitnifretl  in 
the  inaniifacture  at'  the  mf)St  niisi-ellaneoiis  artirles  of  brass,  «-«i|ij)er, 
iron  an<l  steel  have  intnKlucJKl  the  ni<'l<el-|)hitin<r  plant,  and  do  their 
own  platinj^.  Fiirthcnn«jre,  ininnnerahh'  small  arti<l(N  of  metal  of 
triflinj^  value  are  nickel-plated  after  a  liishion,  l>y  tin*  manufacturens, 
not  to  j)rote('t  them  from  the  action  of  corrosive  ajjents,  but  simply  to 
catch  the  eye  of  the  purchaser  and  to  make  them  sell.  As  may  rca«lily 
be  imagined,  this  state  of  thinjrs  has  produced  a  severe  com]M-tition 
among  those  enji^agcd  iti  the  business  of  nickel-plating  which,  while  it 
has  had  the  efllect  of  bringing  down  j)rices  to  extrcmly  lf»w  fignrr-s, 
Ikls  incidentally  also  hud  the  effect  of  <5Uising  a  ver>-  g<*neral  deteriora- 
tion of  its  quality. 

An  emimeration  of  the  great  variety  of  pHnlucts  that  are  nickel- 
plated  wouM  be  impo-sible  ;  among  them  may  be  named  dental  and 
><iirgii-.il  instruments  of  every  de?<<'ription,  harness-  and  s;»ddlery-trim- 
mings,  carriage-fittings,  sj)oonsand  forks,  ItK-ksmitlTs  work,  brass  co«'ks 
and  faucets,  and  the  dtn'onitive  metal-work  of  plumbing  and  siinitarv 
wares,  scale-  and  balance- 1 )eams  and  weights,  mountings  of  guns  :ind 
pistols,  the  metal  parts  of  lamps  and  lanterns,  fire  grates  and  fixtuixis, 
stove  decorations,  d(M>r-platcs,  cuspadores,  watch-  an«lcl(Kk-<':ises,  hand- 
rails of  railway  c:irs  an<l  car-scats,  etc.,  >tair  rmls,  points  «»f  lightning 
rods,  show-cases,  the  external  parts  i>f  sewing  machines,  steam  and 
water  valves,  gauges,  an<l  misivUaneous  machinery  accessories  without 
nund)er. 

From  the  very  brief  account  that  M.  RoseJeur  gives  of  this  suliject, 
it  would  ap|Kar  that  the  art  of  ni<-kel-plating  had  receive*!  little  or  no 
attention  in  France  up  to  the  year  18<^(>;*  furthermore  from  the  sonu- 
wlial  contemptuous  reference  with  wliich  he  tlismisses  it,  it  is  apjKirent 
that  at  that  titne  he  had  no  knowledge  of  the  remarkable  progress  and 
«levelopment  (»f  the  art  in  this  coimtry,  and  no  coiweption  cither  of  the 
perfettion  to  wliich  the  procvsst^^  had  l>een  brought,  or  the  luautv  ami 
utility  of  the  ri'sults  obtainetl. 

Although,  however,  it  would  appear  from  the  remaik>  of  the  autlu»r, 
just  referix'd  to,  that  nickel-plating  had  re<vive<l  but  little  attention  in 
France  up  to  the  year  1880,  tiie  art  a|)j)ears  to  have  been  transphuiteil 
to  Fngland  with  much  suct^ess,:is  the  f«>llowing  reference  t«>  the  siibjci-t 


•  Afanipulatioti^    Jfj/dropla.ifi'fii's.   tic.  :    pur    Alfn<l   Ko.il.-nr.     4'.  E<1. 
Paris,  1S80,  p.  300. 
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by  Watt*  will  testify:  "the  time  has  now  arrived,  however,  when  it 
may  be  fairly  stated  that  the  art  of  nickel-plating  has  become,  in  proper 
hands,  one  of  the  most  successful,  and  at  the  same  time  one  of  the 
most  extensive  branches  of  electro-deposition.  For  several  years 
nickel-platiuo;  in  this  country  (?'.  e.  England)  had  been  principally 
confined  to  some  three  or  four  houses.  Now,  however  (1880),  the  pro- 
cess has  been  most  extensively  adopted  in  London  and  throughout  the 
kingdom,  as  also  in  many  foreign  countries.  There  is  no  doubt  that 
its  extensive  application  in  the  United  States  acted  as  a  stimulus  to  our 
own  manufacturers,  who  have  steadily,  though  tardily,  recognized  in 
nickel  a  most  useful  coating  for  certain  kinds  of  metal  work." 

NICKEL   SOLUTIONS. 

One  of  the  earliest  allusions  to  the  electro-deposition  of  nickel  is 
that  of  M.  Ruoltzf  in  the  year  1841.  The  reference  is  as  follows: 
"The  same  method,  that  is,  the  use  of  a  solution  of  the  double  cyanide 
in  water  (prepared  by  dissolving  the  metallic  oxides  in  cyanide  of  potas- 
sium), may  be  employed  for  coating  other  metals  with  copper,  tin, 
cobalt,  nickel,  and  zinc."  In  1843  Smeel  states  that  "metals  may  be 
covered  with  nickel  by  proceeding  as  in  former  cases.  The  solution  to 
be  used  is  the  chloride  of  nickel  with  a  nickel  positive  pole.  The  single 
battery  process  is  to  be  preferred,  but  pure  nickel,  though  very  brilliant, 
is  apt  to  be  rather  brittle.  ...  It  is  best  reduced  by  the  com- 
pound battery  process,  with  a  platinum  positive  pole,  though  a  nickel 
positive  pole  may  be  employed.  When  we  employ  either  the  nitrate 
or  sulphate  of  nickel  for  electro-metallurgy,  it  is  preferable  to  use  the 
solution  as  strong  as  possible.  Of  the  compounds  of  these  salts  with 
the  alkalies,  those  with  ammonia  deserve  the  preference,  and  the  am- 
monio-nitrate  and  the  ammonio-sulphate  may  be  used  for  the  reduction 
of  this  ratli€r  troublesome  metal."  In  the  same  year  (1843),  Dr. 
R.  Boettger§  published  an  interesting  account  of  his  experiments  in 
plating  with  nickel  from  which  I  take  the  following  quotations :  "  No 
salt  of  nickel  or  of  platinum  has  yet  been  found  well  adapted  to  plating 
baser  metals  with  nickel  or  platinum.     Experience  has  taught  that  a 

*  Electro- Metallurgy,  p.  87,  et  seq. 

t  Ruoltz,  L'lnstitut,  Nr.  414,  p.  410 ;  also  Berzelius  Jahresber.  xxii,  p.  96. 
i  Smee,  Elements  of  Electro- Metallurgy,  2d  (Lond.)  Ed,   1843.     pp.  154, 
219. 

\  Jour.f.prakt.  Chern.,  xxx,  p.  267,  et.  seq. 


Feb.,  1884.]  Electro- Plating  vUh  Nickel.  1  '2U 

ooinpoiuxl  of  cvanKle  of  nickd  with  cyimide  of  pota.ssium,  a«*<-(>r<ling 
to  tlie  .stateiuent  of  Ruoltz,  In'  no  ineaii.s  attain.s  the  ol)jec-t,  nor  is  the 
phitinnm  .salt  recommended  by  him  any  better." 

"  FnHH  a  long  series  of  experiments  expressly  made  on  this  point,  I 
believe  I  have  discovered,  and  can  give  the  assurance  tliat  among  all 
the  salts'  of  nickel  none  is  so  well  adapted  to  plating,  es|)ecially  on 
copper  or  bra.ss;  :us  the  ainmonio-sulphate  of  nickel;  at  least,  the 
cyanide  of  nickel  and  pota>.-iiini  recommended  by  Ruolt/ is  far  inferior 
to  it  even  in  a  verv  long-continued,  constant  rurnrit.  Sheet  copjMir 
conies  out  of  the  .solution  of  ammonio-sulphat*-  of  nickel  almost  nilver 
white  and  brilliant.  I  have  obtained  in  this  manner,  after  the  action  of 
a  moderately  strong  galvanic  current  for  half  an  hour,  a  considerable 
deposit  of  nickel  on  copper,  (piite  sufficient  to  deflect  violently  fnjni  the 
magnetic  men-dian,  a  magnetic  needle  suspended  by  a  fibre  of  silk.  A 
drop  of  common  nitric  acid  on  the  nickel  coating  exhibite«l  in  a  given 
time  no  sensible  action  on  the  subjacent  metal.-while  sheet  copper  which 
had  been  allowed  to  remain  in  a  gilding  bath  under  the  influence  of 
the  current  for  the  Siirae  length  of  time,  was  almost  instantly  attacked 
by  nitric  acid.  From  this  it  may  be  inferred  that  the  g-alvanirally 
deposited  nickel  coats  the  copper  more  rapidly,  adherently,  and  uni- 
formly than  gold  similarly  deposited." 

"  To  i)repare  the  salt  of  nickel  here  referred  to,  the  impure  nickel  of 
commerce  suHiccs  c()nii)letely.  To  this  end,  it  is  di.ssolveil  in  nitric 
acid,  a  .stream  of  sulphuretted-hydrogen  is  pju<se<l  through  the  solution 
for  .some  tinie  in  order  t(»  precipitate  all  copper  and  arsenic,  and  the 
filtered  .solution  is  then  precipitated  by  cari)onate  of  .Mwla.  The  well- 
washed  carbonate  of  nickel  is  di.ssolved  in  dilute  suli)iiuric  acid,  and 
the  .solution  is  place<l  beneath  a  bell-gli»;:is  over  concentnitetl  sulphuric 
acid,  in  order  to  obtain  it  crystallize*!.  These  crystals  are  pulverizeil, 
transferred  to  a  suitai)le  flask,  and, ammonia  gradually  pouretl  over 
them,  until  sutVicient  has  been  added  to  di.ssolve  them.  The  resulting 
fine,  dark-blue  solution,  may  be  directly  usetl  for  the  puri>oscs  above 
named." 

It  may  be  proper  to  add,  in  this  connection,  that  one  of  the  uses 
suggested  by  Ha>ttger  for  his  solution  is  for  the  preparation  of  pure 
sheet  nickel. 

In  the  fourth  eilition  of  his  work  Uoseleur*  aflirms  that  as  early  as 

*  Mani])it!ations  Hydroplastiques,  etc;   par   Alfred   Roseleur.      Paris, 

1880,  p.  301. 
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the  year  1849  he  had  succeeded  in  the  estaWishment  of  M,  Kraintz,  at 
Grenelle,  in  obtaining  on  table-ware  an  excellent  deposit  of  nickel  of 
considerable  thickness,  with  the  use  of  the  double  sulphite  of  nickel 
and  ammonium  as  the  depositing  solution. 

The  next  important  contribution  to  the  art  of  depositing  nickel  by- 
galvanic  means  is  made  by  Mr.  George  Gore,  who,  in  1855,  employed 
the  double  sahs  of  nickel  and  ammonium,  i.  e.,  the  double  chloride. 
In  the  edition  of  his  work  on  Electro- Metallurgy,  published  in  1860 
(Griffin  &  Co.,  London,  1860),  he  describes  a  method  for  the  electro- 
deposition  of  nickel  by  means  of  a  solution  of  the  double  chloride  of 
nickel  and  ammonium. 

In  1862,  MM.  Becquerel,^ere  etfils,  read  before  the  French  Academy 
a  paper  on  the  "  Electro-Chemical  Reduction  of  Nickel,  etc.,"*  from 
which  I  quote  as  follows:  "Nickel,  we  operate  with  a  solution  of  sul- 
phate of  nickel  to  wdiich  has  been  added  caustic  potassa,  soda,  or 
ammonia,  preferably  the  latter  alkali,  to  saturate  the  excess  of  acid. 
Sulphuric  acid  becoming  free  is  saturated  by  oxide  of  nickel  placed  on 
the  bottom  of  the  vessel,  or  by  adding  alkali  to  the  solution,  ammonia 
by  preference.  At  the  end  of  a  certain  time  we  obtain  a  brilliant, 
white  deposit  with  a  slightly  yellow  tint.  According  to  the  moulds 
employed  it  may  be  obtained  in  cylinders,  bars,  or  medals.  They 
possess,  like  cobalt,  magnetic  polarity  Avhen  taken  out  of  the  solution. 
The  ammoniacal  solution  of  the  double  sulphate  of  nickel  and  ammo- 
nium, and  even  that  which  is  not  ammoniacal,  likewise  furnish  metallic 
nickel." 

In  1869,  Isaac  Adams,  Jr.,t  of  Boston,  obtained  a  patent  in  the 
United  States  for  an  "  Improvement  in  the  Electro-Deposition  of 
Nickel,"  in  which  he  describes  a  method  of  preparing  the  double  salts 
of  nickel — the  double  sulphate  of  nickel  and  ammonium,  and  the 
double  chloride  of  nickel  and  ammonium — by  which  the  same  are 
obtained  free  from  certain  impurities,  to  the  presence  of  which,  he 
claimed,  the  difficulties  in  the  way  of  obtaining  a  satisfactory  deposit 
of  this  metal  by  galvanic  means  were  ascribable.  He  describes  in  his 
patent  specification  a  method  of  preparing  these  two  compounds  in 


*  Reduction  electrochimique  du  cobalt,  du  nickel,  de  Vor,  de  V argent  et 
duplcctine  ;  par  MM.  Becquerel  et  Ed.  Becqiierel.  Comptes  Rendus,  Iv,  p. 
19,  et  seq. 

t  Consult  U.  S.  Pat.,  No.  93,157,  August  3, 1869  ;  or  British  Pat.  No.  31,251, 
October  28, 1869. 
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.sucli  a  iiKiMiH  T  iw  to  Ix'  iVfc  iVom  the  pri-riuf  of  ]>4)ta.sh,  Hj«la,  lime, 
altiiniiia,  and  nitric  acid,  ami  <linMt-  that  tin-  elcctn>-<Ic{x«itioii  of 
nickel  l»y  ^in-.iii-'  of  cither  of  tin-*' doiiItU-  silt?*  must  Im*  (lone  from  a 
Holiitioii  that  is  fnt*  from  arid  or  alkaline  rciu-tion.  Hi*  likcwL*« 
claims  as  his  invciiti<»n  a  meth<Hl  of  preparing  the  nickel  platt-s  to  be 
used  as  an(Mlcs  in  tlu;  depo^itinj;  j-cIIs,  which  consists  in  melting  the 
nickel  an<l  <oml)inin^  it  with  iron,  for  the  p(ir|>oHc  of  avoiding;  the  Inul 
cflcH'ts  pHMlurcd  hy  e«»|t|)<'r  and  aiX'iiic  when  thes**  are  pn'><4'nt  as 
impurities  in  eorMmenia!  ni<kej.  The  ertect  of  the  additi<»n  of  iron  to 
the  nickel  (the  animint  ImIii;;  the  ehemicid  (•♦juivalent  of  the  e<>p|MTatid 
arsenic  present),  Mr.  .V(lam>  atlirms,  is  to  prevent  the  de|M»«ition  «»f  the 
alMwe  named  impurities  with  the  nickel,  (^uotin^  from  the  .xiMt-ifica- 
tion,  "the  iron  itsi-ll'  is  almost  wholly  pre«'ipiiati'<l  a.-*  a  |»eroxide,  and 
is  not  <lcposit<'<l  with  the  nickel  to  a  suflieiinit  exti-nt  to  injure  the 
chanu'tcr  of  the  de|M».sit.  Neither  does  it  injurioitsly  afllii  the  solution. 
The  efVect  of  the  iron  ti|M)n  thc(rop|>er  is  either  to  prevent  it  from  iM'ing 
dissolve*!,  or,  if  diss<»lve<|,  to  imme<liate|y  re»luc<'  it  u|Ntn  the  an<Nle 
where  it  forms  a  c<«itin^  whi<h  may  In*  re<lue«*<l  from  time  to  time  l»v 
s<'rapin^.  The  aix-nie  forms  an  inH>lul>h'  precipitate  with  the  iH-r>alt 
of  iron.'' 

.M r.  A<lams  <-i>ntinnes : 

"I  laving  |)r<-p:tri-<i  the  solutit)n->  and  aniMh-s,  :ls  herein  desorilMxI 
nickel  may  Ih'  i-ea«lily  depositi^l  ;  hut,  in  order  to  carry  on  the  de|M»ii tion 
continuously,  it  is  necessjirv  to  (»l»s«'rvc  «vrtain  pn^iiution^ :  First,  the 
use  of  a  hattcry  of  tiHi  hi^h  an  intensity  must  Ik-  avoidixi.  An  inten- 
sity of  two  Sniee  cells  is  .suOicicnt.  A  hi^h  intensity  d(^>om|M*<e^  the 
solution  and  lilx'rati's  free  ammonia,  thus  niulerin^  the  M>luiion  alka- 
line, and  impairini;  its  value.  NN'hcnever  the  smell  ot'  tVif  ammonia 
arises  I'rom  the  tlcooniposin^  c<'ll  the  o|HTator  may  In-  (vrtain  that  the 
solnficin  i>  hcinu;  injnntl.  It  is  im|>ortant  that  the  de|H>sitin^  -hall 
not  U'  lon'«'<l  l»y  the  us«>  of  t«H)  stronj^  a  curivnt.  SHX)nt|,  it  is  imixtr- 
tant  that  ^ri'at  prccjuititm  should  he  use«!  to  prevent  the  intniiiuction 
into  the  solution  of  even  minute  <(uantitics  of  |M>t2Lsh,  stMhi,  or  nitric 
acid.  When  an  article  to  Im'  ctuitixl  is  c^etinul  in  aciil  or  alkaline 
water,  or  is  intro«luc<Hl  into  it  for  any  pur|>oN',  the  gniitot  c:in  mu^t 
Im'  taken  to  remove  all  tnui-s  «>f  th«"r«e  sulkstance$<  U-fore  the  article  \a 
intnKlunxl  to  the  nick«>l  dilution,  as  the  intn^hhiion  of  the  mwt 
minute  (piantities  of  acid**  or  alkalies  will  surely  Ik*  injurious.  It  \s 
im|M»rtant  that   the  solution  Ik>   kept  fn-e  from  all  foreign  sutt^tancv^, 
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but  its  purity  from  those  abov^e  named  is  especially  important.  Third, 
the  anode  of  the  depo.siting  cell  should  present  a  surface  to  the  action 
of  the  solution  somewhat  larger  than  the  surface  upon  which  the 
deposit  is  being  made,  particularly  in  the  double  sulphate  ^solution. 
The  reason  is  that  nickel  dissolves  so  slowly,  that  if  the  exposed  surface 
is  not  larger  than  the  surface  on  which  the  deposit  is  made,  the  solu- 
tion will  not  keep  saturated.  On  the  other  hand,  if  the  anode  is  very 
much  larger  than  the  positive  pole  it  tends  to  give  a  deposit  of  black 
powder.  Fourth,  if  zinc  is  to  be  coated  it  should  first  be  coated  with 
copper,  as  it  is  difficult  to  make  nickel  adhere  to  zinc,  and  there  is 
danger  that  the  zinc  may  be  acted  on  and  injure  the  solution. 

"  With  solutions  and  anodes  thus  prepared  and  used,  the  deposition 
of  nickel  can  be  carried  on  continuously  and  almost  as  surely  and  cer- 
tainly as  the  deposition  of  copper  from  the  common  sulphate  solution, 
though  the  limits  of  the  battery-power  which  may  be  used  are  nar- 
rower. The  metal  deposited  is  compact,  cohesive,  and  tenacious.  It 
may  be  deposited  of  nearly  uniform  thickness  over  any  surface,  how- 
ever, large.  The  deposited  metal  is  capable  of  being  annealed  by  a 
heat  below  a  low-red  heat.  It  then  becomes  flexible,  malleable,  and 
ductile.  The  deposit  may  be  made  of  any  required  thickness,  either 
to  furnish  effectual  protection  to  the  metal  on  which  it  is  deposited,  or 
to  be  removed  and  used  separately  from  the  surface  on  which  it  may 
be  deposited." 

In  the  .same  year,  but  a  few  months  earlier  than  the  date  of  the 
patent  above  referred  to,  a  patent  had  been  granted  to  the  same 
inventor  for  the  use  of  a  solution  of  the  sulphite  of  nickel  in  a  solution 
of  sulphite  or  bisulphite  of  ammonium.*  This  solution  is  identical, 
apparently,  with  that  which  M.  Roseleur  claimsf  to  have  used  as  early 
as  1849,  with  excellent  results,  in  the  establishment  of  M.  Kraintz  at 
Grenelle,  but  which,  as  I  glean  from  a  Notice  supplementaire  sur  le 
Nickelage,  which  he  has  lately  issued,  he  has  discarded  in  favor  of  the 
double  sulphate. 

The  Adams  patents  were  the  first  on  the  subject  of  nickel-plating 
in  the  United  States,  and  the  rapid  development  of  the  art  to  the 
proportions  of  an  important  industry,  which  took  place  within  a  few 
years  thereafter,  gives  color  to  the  claim  that  Mr.  Adams  is  entitled  to 

*  Consult  U.  S.  Pat,,  No.  90,332,  May  25,  1869, 
t  See  a7ite. 
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the  credit  of  being  the  originator  of  the  art  of  nickel-plating,  1  have 
elsewhere  pointed  (»iit  that  the  true  explanation  of  the  remarkable 
growth  of  this  art  is  to  be  found  it)  the  8iibst;intial  improvements  in 
the  Mictailiirgical  trciitmcnt  of  nickel,  by  which  anodes  of  any  desired 
6i7X',  and  of  great  pnrity,  were  placed  at  the  service  of  the  nickel- 
jdater;  and  more  especially  in  the  inv«'ntion  and  improvement  of  the 
dynamo-electric  niachine,  which  hits  made  the  nickel-plater  indejK'n- 
dent  of  the  uncertain  and  troublesome  voltaic  battery.  Had  it  not 
been  for  the  want  of  these  two  important  elements  of  success  in  this 
branch  of  the  galvanoplastic  art,  plating  with  nickel  Wouhl  un(jues- 
tionablv  have  been  e.vtensively  practised,  years  Ix^fore  it  a<tually 
assumed  a  position  ;is  a  suc<'e.ssful  and  popular  industry. 

It  cannot  be  denied,  however,  that  Mr,  Adams,  by  dirnting  the 
attention  of  techiKtlogists  to  the  excellent  (pialities  of  the  doubh-  salts 
of  nickel  and  anunoniiiiM  at  a  time  when  everything  wius  ripe  for  the 
now  industry,  materially  :Lssiste<l  in  calling  it  into  existence,  and  in 
assuring  its  commercial  sui-cess. 

The  yeai-s  immediately  succeeding  1869  were  very  j>rolifK-  (.f  inven- 
tions relating  to  the  art  of  nickel-plating,  many  of  which,  however, 
were  com|)aratively  vahieless.  I  select  for  notice  few  that  a{»jKar  to 
have  iiM'iitorious  features. 

In  I.S77,  .John  Unwin*  of  Sheffield  (England)  devise*!  an  ingenious 
proc<'ss  of  preparing  the  double  sidts  of  nickel  and  amnionium.  This 
consists  in  preparing  a  strong  solution  of  sulphate  of  ammonium,  by 
dissolving  the  sjilt  in  hot  water  in  the  proporliou  of  aliout  4  jwunds 
of  the  salt  to  each  galhm  of  water,  then  filtering  if  nivessary.  and 
allowing  the  li(juid  t<t  become  cool.  The  double  sulphate  of  nickel 
and  ammonium  is  obtained  by  adding  this  .solution  to  one  of  the  sulphate 
of  nickel.  The  novelty  of  Mr,  rnwin's  process,  however,  resides  in 
the  fact  that  he  dots  not  stop  the  addition  of  the  sulphate  of  ammo- 
nium when  sullieient  h;is  b.-eu  a<ldeil  to  combine  with  all  the  Miljdiate 
of  nickel  j)resent,  but  continuas  to  add  it  in  large  excess,  **  I  d<»  this," 
says  Mr,  L  nwin,  ''  U'cause  I  have  discovere<l  that  the  doubh'  >ulphato 
of  nickel  and  ammonia  is  far  less  .soluble  in  the  s^dution  of  sulphate 
of  ammonia,  than  in  pure  water,  so  that  it  is  preeipitatetl  fnun  its 
solution  in  water  on  ailding  sulphate  of  anunonia.  I  therefore  i^mtinue 
adding   the   solution    of  sulphate  of  ammonia,   continuously   stirring. 


*  Consult  British  Pat..  No,  1..^4s,  April  '20,  IST 


134  Electro-Plating  with  Nickel.  [Jour.  P>ank.  Inst., 

until  the  liquid  loses  nearly  all  its  color,  by  which  time  the  double 
sulphate  of  nickel  and  ammonia  will  have  been  precipitated  as  a  light- 
blue  crystalline  powder,  Avhich  readily  settles  to  the  bottom  of  the 
vessel.  I  then  pour  off  the  liquid  from  the  crystalline  precipitate  of 
double  sulphate  of  nickel  and  ammonia  and  wash  the  latter  quickly 
with  a  strong,  cold  solution  of  sulphate  of  ammonia  as  often  as  I  con- 
sider necessary  for  its  sufficient  purification."  By  this  procedure  it 
will  be  perceived,  the  double  salt  of  nickel  and  ammonium  is  thrown 
down  in  a  pulverulent,  granular  condition,  readily  soluble  in  water, 
and  therefore  ready  for  use  in  the  depositing  vat,  without  w^aiting  for 
the  tedious  process  of  crystallization. 

In  1878,  Edward  Weston,*  of  Newark,  N.  J.,  noticing  its  favorable 
influence  upon  the  electro-deposition  of  nickel,  secured  a  patent  for 
"  the  electro-deposition  of  nickel  by  means  of  a  solution  of  the  salts 
of  nickel  containing  boric  acid,  either  in  its  free  or  combined  state. 
The  nickel  salts  may  be  either  single  or  double."  Mr.  Weston  affirms 
tliat  the  presence  of  boric  acid  prevents  the  deposit  of  sub-salts  upon 
the  articles  in  the  bath,  which  is  apt  to  occur  if  the  bath  is  not  in  proper 
working  condition ;  he  claims,  furthermore,  that  its  addition  in  either 
the  free  or  combined  state  to  a  solution  of  nickel  salts  diminishes  the 
liability  to  the  evolution  of  hydrogen  when  the  solution  is  used  for  the 
electro-deposition  of  nickel,  and  increases  the  rapidity  of  deposition, 
by  permitting  the  use  of  a  more  intense  current,  and  improves  the 
character  of  the  deposit  by  rendering  it  less  brittle  and  increasing  its 
adhesion. 

(To  be  continued.) 


A  SUMMARY  OF  PROGRESS  IN   SCIENCE  AND 
INDUSTRY,  1883. 


[From  the  Report  of  the  Secretary,  January  10, 1884.] 


The  year  just  past,  though  a  dull  year,  was  by  no  means  a  bad  one, 
since  we  have  had  many  that  w^ere  decidedly  worse.  It  was  a  year  of 
moderate  prosperity,  characterized  chiefly,  as  it  advanced,  by  a  pro- 
gressive tendency  towards  a  restriction  of  the  consumption  of  manu- 
factured products,  lower  prices,  and  a  reduction  in  wages. 
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Mv  imiiKiliate  purpose,  liowirver,  is  to  present  a  simiinarv  of  tho 
industrial  pro;;r(sw  of  the  y«?«r,  an<l  in  tin-  following  reMumr,  which 
<'ornprelK*nW.s  only  tin-  more  ini|>ortant  it»'rns,  a  nurnlxT  of  matters  of 
interest  un*  (•r»n>^i<lere«l. 

The  most  noteworthy  event  of  the  p:f*t  yejir  in  the  fiehl  of  on^i- 
neerinj;  wiis  the  final  completion  :in«l  o|><'nin<^  to  tnittie  of  the  great 
siispensiitn  l)ri<lj;e  lM-twe<'n  New  Y<»rk  an«i  lir<xtklyn,  which  is  uni- 
versallv  aeknowle<l^e<l  to  Iw  one  of  the  nniipie  and  nuir't  im|K»sing 
l)ri<l^e  strmtiires  of  tin?  world.  The  work  wits  crunmencwl  in  l87n, 
:ind  was  conse<juetitlv  thirteen  yejirs  iin«h*r  con^trnction.  S»  mnch  \\v^ 
heen  said  and  written  conn'rning  this  remarkahle  structure,  that  any 
details  of  its  characti'f  an<l  dimensions  would  Ik*  a  ntH'dh-ss  n'|M'tition. 
It  will  sullico  to  say  that  it  was  formally  <»pei»e<l  to  the  pul)Iic  i«n  the 
•Jlth  of  May,  188:i. 

Another  notahle  engineering  event  was  the  completion  and  ojwning 
to  tralli*'.  during  the  past  vnir,  of  a  <h»ul)le-track  milroad  hridge  over 
the  Xiagai'a  river,  alxuit  .'JHO  fe»'t  ahove  the  well-known  sU"<|M*niirui 
l»ridge.  The  new  stru<'ture  spans  a  chasm  S7n  ftt-t  wide  l»etwe<'n  the 
hlutls,  ami  over  2(H)  feet  deep.  As  the  stnsim  at  this  point  is  a  f«Kim- 
ing  torrent,  rendering  the  (construction  of  piers  in  the  river,  or  of 
lem|M>r:irv  supports,  iujpossihle,  it  l)i><'ame  necessary  to  (h-sign  a  •'tnic- 
ture  which  would  he  self-supporting  during  eni'tion  ;  and,  to  attain 
this  ol)je<'t,  it  was  d(H«ide<|  to  ad(»pt  a  hridge  of  the  c:uuilevcr  tyjx*. 
'I'he  structuH'  consists  of  two  st«>el  towt*rs,  \'.V1  feet  <».\  iix-ln-s  hiirli. 
n-sting  on  stone  pieis  '.V.)  fe«'t  high,  K:ich  tower  sup|)orts  a  c:ujtilever 
.*i})')  feet  2f5jf  inches  long,  the  shore  en<ls  »if  wlii«'h  are  anchonii  to  the 
ahiitment  masonrv,  while  the  river  arms  are  c«»nn^^•t«'<l  l>v  an  intcrme- 
<li;ite  ^pan  ot'  r_'()  fiH't  extending  from  their  extremities.  The  total 
length  n|"  the  hriilge  is  lUO  feet  4J  ineht^s  lH?tween  the  tvutn-s  of  the 
anchorage  piers,  the  clear  spjui  l)eewtvn  the  towers  l>eing  I7n  f«t't. 
The  height  from  the  surfjHf  of  the  water  to  the  Ik»s<>  of  the  rail  i>.  'I'M* 
feet.  The  work  of  en-ction  «Mx*upi«>d  hut  a  few  lUiinths,  and  it  w:i.s 
suhjn*te<l  (»n  completion  to  a  te-t  of  unusual  .si'verity.  It  i-*  n'garrletl 
l>v  those  best  <pialitie<i  to  pas-;  judgment,  as  a  nu»st  smxfs.'.ful  and 
<Tedital)le  picn-e  of  engiiM-cring.  It  wa-  «*«ujstruct«sl  to  i*onneci  the 
lines  ot'  the  New  Y(»rk  Centnd  and  Michigjin  (Vntnd  railnwids, 

()fengim>eringproj«><'tsa«lvan«>'«liluringthep:ist  yeair,  |HTha|»^the  mi*--! 
interesting  to  us,  i^  the  ^Ih mr  for  tli.  i-,.ii^ii-iicti.iii  ,^\    i  -nl.w  i\   niider 
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Broadway,  as  a  means  of  relieving  the  inconveniences  resulting  from 
the  present  overcrowded  condition  of  that  thoroughfare.  The  scheme 
contemplates  a  subway  street  with  sidewalks  for  foot  passengers,  and 
railway  tracks  for  passenger  and  freight  traffic.  It  is  proposed  to 
support  the  upper  street  upon  columns  and  girders,  with  arches 
between,  over  which  the  roadbed  and  pavement  will  be  laid. 

The  practical  completion  of  another  Alpine  tunnel,  the  Arlberg 
tunnel,  in  Austria,  during  the  last  year,  attracted  little  attention, 
although  its  importance  is  sufficient  to  warrant  special  mention  of  the 
fact.  It  is  intended  to  form  part  of  a  railway  line  from  Innsbruck 
on  the  Tyrol  to  Bludenz,  in  the  Austrian  province  of  Vorarlberg. 
The  new  tunnel  is  11,231  yards  long.  The  work  will  have  required, 
when  vaulted  and  ready  to  receive  the  first  locomotive,  about  four 
years  to  complete. 

The  African  inland  sea  project,  of  which  so  much  has  been  said  and 
written  for  the  past  ten  years,  has  been  finally  shown  to  be  impracti- 
cable. The  scheme  as  originally  formulated  and  ably  defended,  was  to 
convert  the  Desert  of  Sahara  into  a  great  arm  of  the  ocean,  not  unlike 
the  Gulf  of  Mexico,  by  which,  it  was  argued,  the  climate  of  Northern 
Africa,  and  of  the  contiguous  portions  of  Europe,  would  be  greatly 
ameliorated,  while  incidentally  great  commercial  advantages  would 
follow,  by  thus  practically  opening  the  interior  of  Africa  to  the  com- 
merce of  Europe.  All  this  was  based  on  the  belief  and  assumption 
that  the  interior  of  the  great  desert  was  a  vast  natural  depression — the 
bed  of  an  ancient  sea — into  which  the  waters  of  the  ocean  could  be 
emptied  by  the  simple  removal  of  a  coast  barrier  of  inconsiderable 
magnitude.  It  has  been  finally  shown  that  no  such  basin  exists  in  the 
interior  of  the  Sahara,  and  that  its  principal  area  is  above  the  level  of 
the  Atlantic  ocean.  Thus  this  magnificent  project  is  proved  to  be  chi- 
merical. 

Of  other  engineering  projects  mooted  during  the  past  year,  I  may 
instance  that  of  a  submarine  tunnel  beneath  the  Strait  of  Messina,  to 
connect  Italy  and  Sicily ;  and  a  similar  scheme  to  connect  Spain  with 
the  African  coast  bv  a  tunnel  beneath  the  Mediterranean  sea,  concern- 
ing  neither  of  which,  however,  by  reason  of  their  magnitude  and  cost- 
liness, is  there  the  slightest  probability  that  they  will  be  undertaken. 

It  may  be  of  interest  to  notice  incidentally  that  the  endless  wire- 
cable  system  of  drawing  street  cars,  as  a  substitute  for  horses,  to  which 
I  referred  in  last  year's  summary,  has  continued  to  demonstrate  its 
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feusihilitv.  Ii  lia-i  lM-<-n  coimii It-nil >Iy  ext^mlul  l>oth  iti  San  Frai)ciM-«> 
an<l  Cliicsi^o.  In  IMiilaiJclpliin,  an  <>x|MTinicntAl  lino,  laid  down  in 
1882,  provjHJ  the  ufivjinUi^its  of  i\w.  system  so  satl-ifwlorily  that  the 
projeotors  have  (•ol|^idera^)ly  oxtcrjdMJ  it.  In  Kansjm  (/ity,  a  cahle 
road,  with  dn|ilimt(!  4':il>l(*s  and  duplicsit*-  o|HTatin^  nKt-hanisni,  to 
avoi<l  (h'lays  or  stoppaj^i?  of  traHic,  shonid  on**  of  the  <*ahli*s  >*nffi'r 
injury,  is  alniut  ti»  Ik'  put  in  o|>enition. 

The  work  U|M»n  tin-  rxcavatioii  of  the  intero<'<'anie  canal  at  Panama 
is  rej)ort<<l  to  have  lieen  vigorously  carrie*!  on  during  the  jKtst  y«iir, 
and  the  opinion  is  now  j;en«'rallv  ent<'rtaiin*d  that  the  tiinal  will  Im- 
hiiilt  in  spite  of  the  dittindtii'S  inter|M)sed  hy  nature. 

Tlif  JJi^ilish  Chaniud  tunnel  projef:t  .seems,  for  the  time  at  iejint,  to 
have  Imvh  allowe<l  to  sluml>er. 

I  mav  note  at  this  poitit,  :ls  a  matter  of  incidental  inti-n->t  that  the 
question  of  imreasin^  tin-  |»ns<'nt  faeilities  f»f  the  maritime  iiuial  at 
8uez  wa><  the  sulyj-i't  of  nnieli  dis<nission  (hiring  the  \ys\.<  ytiir.  The 
oommcrcial  intcn-fnirse  of  Ktirope  with  thr  h^tst  hits  of  lat«'  l»een 
^rowin;^  s<»  rapidly  that  for  some  time  pa^t  th«'re  have  Ikh'Ii  h-Hous 
ef)mplaint.s  of  the  inatlcciuaev  of  the  prt^ent  Jimal.  and  nf  tin-  "^riou^ 
delavs  in  the  tnujsit  of  vessels  whieh  tin-  ron-itantly  inrrfasini;  tnillie 
through  the  e:»nal  entails.  To  nuvt  this  enH-rjien*")',  two  plans  have 
l)een  propof^nl  —  namely,  to  huild  a  si-eond  «iinal  alonj;  a  n>ute  sulntan- 
tially  jMirallel  to  the  existing;  ninal,  or  to  t»n.si«Ierahly  enlarj;e  tin- 
present  (^mal.  Thouiih  Uith  of  tln-se  alternativt-s  have  Ini-n  fre^dy 
di.s<'u.ss<'d,  and  the  inade«|uaev  of  the  existing  tacilities  is  admitt«>«l, 
considerations  of  a  politi<'al  natun>  have  thun  tar  pn»vt<d  otTeetual  in 
delaying  action. 

Thou<;h  it  is  yet  ttx*  t-jirly  to  ohtain  the  exact  tijjures  of  the  pn»- 
diK  tiuii  iA'  iiiiii  atul  steel,  we  may  .•*afely  accept  the  c^^timates  of  the 
S^Tetary  of  tin-  Americ-.m  Iron  and  Stitd  Assin-iation  as  iK'injj  appmxi- 
mately  true.  He  t^^timates  the  pnMluction  of  pi^  iron  for  the  \%\>i 
year  to  have  Ixfu  ahout  etpial  to  that  of  1882,  in  which  year  it  waj« 
4,G2.'i,.'l2.'l  uross  ton.s.  The  total  rail  pr«tiluction  of  ISS.I.  ac«'«>nlin^^ 
to  the  same  authority,  >v:us  pmhaldy  l..'l«KVK)<>  ^n>ss  tons,  of  \vhi«'li 
al>out  1,2«K>,(MK>  t«»ns  wen^  stind  rails,  and  ItKi.tHH)  tons  wen*  in»n  rails. 

1  anj  enahle«|,  l»y  the  c»)urt»'sy  of  Mr.  Fretlerick  K.  Sowar^l,  e«lilor 
of  the  (\xil  Trtulf  Jnurmil,  to  ijivi*  the  fol'  ite  «»f  the  pn»- 

<luction  of  the  yi-jir  IS8.1.     This  otimate  :i  tal  pn"lu<tiiiii 

to  have  l)ei>n  03,8tM),()(M>  tons,  dividetl  as  follows:   anthnieite,ai,3(K),- 
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000  tons ;  bituminous,  62,500,000  tons.  Tliis  estimate  exhibits  an 
increase  in  the  figures  of  total  production  of  about  7,000,000  tons  as 
compared  with  the  ascertained  production  of  1882. 

From  the  most  reliable  sources  of  information,  it  may  be  assumed 
that  the  amount  of  new  railroad  constructed  during  the  year  1883  will 
make  a  total  of  about  6,000  miles.  Compared  with,  the  extraordinary 
development  of  the  year  1882,  in  which  the  enormous  amount  of  about 
11,000  miles  were  added  to  the  railway  systems  of  the  country,  the 
figures  for  1883  appear  small ;  but  measured  by  the  standard  of  previ- 
ous years,  it  possesses  large  proportions,  since  it  has  only  been  exceeded 
in  four  years,  namely,  in  1882,  1881,  1880  and  in  1872;  but,  with 
these  exceptions,  exceeds  the  record  of  all  previous  years.  It  was 
apparent  at  the  close  of  the  year  1882,  and  the  opinion  was  expressed 
in  my  summary  for  that  year,  that  the  rate  at  which  our  railway  sys- 
tems was  being  extended  was  too  rapid  to  last,  and  that  a  notable  dimi- 
nution in  mileage  was  to  be  expected  in  the  year  1883.  The  facts 
above  stated  have  justified  this  opinion,  and  evidences  are  not  ^vanting 
at  this  time  to  warrant  the  opinion  that  the  present  year  will  witness 
a  still  further  decline.  The  most  notable  event  in  our  railway  history 
during  the  past  year  was  the  completion  of  tiie  trans-continental  line  of 
the  Northern  Pacific  Railroad  ;  while  north  of  our  border  the  Cana- 
dian Pacific  road  was  extended  to  the  foot  of  the  Rocky  Mountains. 

The  public  interest  in  the  subject  of  electricity  was  quite  as  pro- 
nounced during  the  past  year  as  at  any  previous  time.  In  the  field  of 
electric  lighting  I  have  nothing  of  special  interest  to  record,  save  to 
note  its  steady  extension  and  growth  in  popularity ;  and  to  note  the 
special  interest  in  and  attention  given  to  the  subject  of  underground 
conduits  for  electric  conductors  in  the  streets  of  our  cities.  In  this 
direction  substantial  progress  appears  to  have  been  made. 

The  most  prominent  invention  in  this  department  of  science  which 
was  brought  out  during  the  past  year,  was  that  of  Messrs  Delaney  and 
Callahan,  of  a  multiplex  system  of  telegraphy,  which,  should  it  realize 
but  a  fraction  of  that  which  is  claimed  for  it,  must  work  a  profound 
revolution  in  the  art  of  telegraphy.  The  system  in  question  is  based 
upon  the  establishment  and  maintenance  of  the  practically  perfect 
synchronous  rotation  of  two  cylinders — one  at  each  end  of  the  line — 
with  the  aid  of  which  a  single  line  wire  is  placed  in  communication  at 
both  ends  simultaneously  with  corresponding  operating  instruments, 
and  transferred  from  one  set  of  such  instruments  to  another,  so  rapidly 


IVI).,  1HH4.J  J 'rof/rt-MM  in  SrieitC<  ami  Imhmli'y.  139 

that  tho  «)JM•^lto^<  r«*<'<'ivinf;  or  trnii»mittiii(;  m«->«B^r«.  nn*  not  r«iiif«-ioiii* 
it{'  anv  intrrnijitioij  of  tlu*  cinMiil.  TIm*  (IcviMM  l»y  wlii«"li  iIm-  -yn- 
chroiiiHiii  of  the  ilistribiitiii^  (*yliiMl<'i>  in  ii)aiiitaiiM<(l  an*  lii^iily  iii^'iii- 
oiH,  ari<l  nitin-lv  automatic,  uihI  an*  anii'iiH'«l  t«»  art  m»  |M-rr«-<tly  that 
(or  «lavH  at  a  tiiiif  one  iii>>tnniiriit  will  not  vark  \'T*m\  anotlii-r  l»y  more 
than  th<-  oiH'-()(N)th  of  a  'M'«on<l.  dp  to  thf  |>r<*^'nt  time  thi>  ivniark- 
al»l«'  n->iilf  liH-^  Im-^'U  af-^-omidi-lM"*!,  of  developing  M-venty-two  M-|ianite 
und  in(le|Hii(lent  <'ireiiitf«,  a<laptr«l  to  printini;  telej^mph  inftrumenti*, 
filnMiltnneoiiHly  on  n  winkle  wire,  whon^hy  ihirty-tiix  different  int^wim* 
may  Im*  M-nt  ••juli  way,  or  Hventy-two  in  one  <lire<"tion,  or  any  pro|)or- 
tion  of  this  nnniU'r  in  either  dirtH'tion,  >>imidtanefHiH|v  over  the  Miine 
wire.  The  Mvstem  luus  Ik-^mi  Midyt-iii'd  to  carefuf  tc»lM,  iiiul  luw  wi-nrrtl 
the  iintpialifuNl  pniiM*  of  wnno  of  our  mo^t  mnipotcnt  eUtirieinnr*.  It 
is  siMc<'r<'lv  ti)  he  IioimmI  that  thi^M-  Hatteriuf  eomnu'n<lation<^  may  mK 
j»rove  tu  have  Im>«'ii  hiL^tilv  |>n»nonn«'«"«l,  l»y  the  di-^-overy  «»f  M)nie 
iiiiohserved  element  of  imprai'licithilitv.  Should  thev  prov**  to  !>«•  Inliy 
jiislihtil,  the  era  of  eheap  teletrniphy  i-*  at  hand. 

The  remarks  itf  Mr.  NN'eidon,  in  an  aildn'««  delivenil  la*«t  y«iir 
Im  fiiir  the  SM'iety  J>f  Cheminil  In<liiHtrv  in  Kn^lnnd,  wnuhl  •^iin  to 
place  U'voiid  (pie-tion  the  important  fact,  that  the  aninioniu-s«Nia  pn>- 
«-«'ss  is  dcMtineti  to  he  tin'  priNi';'^  of  the  fninn-.  It  han  not  onlv  made 
^reat  strides  in  ppMlnction  in  ('ontinental  h..uni|M>,  when*  at  the  pres«-nt 
time  more  than  half  the  sinla  priM|ii<v<l  is  ammonin-so<in  :  l-nt  it  has 
«'ven  invade<l  Kn^land,  the  la-t  and  irmiti-st  stn>n;;-ho|<|  of  the  I^-Manc 
sihI'i  makers,  {''rom  'J.^CMi  tons  in  IhT.'i,  the  pnMJurtion  in  Kn^'laml 
"f  ammonia-s4Nla  had  ri.s«'n  to  .')<>,tHM)  ton*  in  ISX'J,  and  is  steiuiily  on 
the  increase.  I  hav<»  not  at  hand  the  tinure^  exhihitin^'  tin-  total  pn»- 
diicfiun  «>f  stnla  l»y  the  two  rival  jinKt-HM"^,  hut  it  i**  an  admitteil  fact 
that  the  outhM>k  for  the  future  of  the  Lahhinr  nuinufneturen*  i.s  ^Inoniy 
ill  the  extn-me,  as  the  new  prtK-t*?**  is  not  only  making;  pPHTT^""^"*  i" 
Kn^land,  hut  is  nipidy  <;rowini;  in  other  eountri«^,  notahly  in  Ku'^<«ia, 
(termany,  .\u.stria,  and,  as  I  had  oe««n*fon  t«>  remark  in  liiM  ytiir'- -um- 
inarv,  in  the  I'nitetl  Stnti-s. 

The  I<ehl:uie  stxla  makers  h:«vc  imiii   i.u<  iv  c.Mi«<..f<i  tii'  •' 

the  iM'lief  that  the  limitnl  supplies  of  ammonia — iin  im|>" 
of  the  newer  pnMfKs  — would  n«strii1  the  ppMluiiion  of  nmnmnin-^Mla. 
Ill  this  they  have  latelv  sulVeretl  a   i;n'vioUH  di««.»i  '  • 

i:ist  year  has  witnt>M>il   iln«   intnMliiclion  of  a   pi 
ohtainin^  ammonia  in  unlimitetl  (pianlities  at  otni|tamtivcly  low  iwt. 


140  Progress  in  Science  and  Industry.         [Jour.  Frank.  Inst., 

The  process  here  referred  to,  and  which,  by  reason  of  its  direct  influ- 
ence upon  tlie  production  of  soda,  and  of  its  ultimate  great  vahie  to 
the  agricultural  interests  in  cheapening  the  price  of  fertilizers,  may 
properly  rank  as  the  most  important  improvement  in  chemical  tech- 
nology that  has  lately  been  made,  is  neither  more  or  less  than  the 
utilization  of  the  ammonia  evolved  with  the  waste  gases  of  the  iron 
blast  furnaces,  aud  which  has  hitherto  been  lost  to  the  chemical  manu- 
facturer. The  method  of  ultilizing  this  ammonia  consists  simply  in 
scrubbing  the  waste  gases  with  sulphuric  acid,  or  in  fixing  it  by  means 
of  sulphurous  or  other  gaseous  acid,  and  washing  out  the  ammonia 
salt  with  water.  Several  of  the  Scotch  furnaces  at  which  this  method 
of  treating  their  waste  gases  has  been  introduced,  are  said  to  be  produc- 
ing about  a  ton  of  crude  sulphate  of  ammonia  daily.  From  this  state- 
ment it  may  readily  be  believed  that  in  the  probable  event  of  the  general 
adoption  of  the  new  procedure  by  the  furnacemen  of  Great  Britain, 
the  yield  of  ammonia  could  be  so  enormously  increased  as  not  only  to 
meet  the  demand  for  it  by  any  possible  expansion  of  the  ammonia- 
soda  process,  but  also  to  materially  aid  the  agricultural  interests,  by 
cheapening  the  cost  of  tiiis  important  fertilizing  agent. 

The  belief  gained  currency  during  the  past  year,  chiefly  through 
what  proved  to  be  the  mistaken  opinion  of  certain  eminent  persons  in 
England,  that  the  important  problem  of  the  cheap  production  of 
aluminium  had  been  solved  by  an  English  inventor.  The  publication 
of  the  process,  unfortunately,  dispelled  the  anticipations  of  those  who 
have  long  looked  in  vain  for  the  process  which  shall  one  day  enable 
this  metal  to  play  tiie  important  role  in  the  arts  of  civilization  for 
which  its  valuable  properties  appear  to  have  intended  it. 

During  the  past  year  much  interest  was  attracted  to  the  question  of 
the  availability  of  sorghum  as  a  source  of  sugar,  especially  in  view  of 
the  alleged  adaptability  of  this  plant  to  the  northern  States  of  the 
Union.  The  sorghum  question  has  lately  been  exhaustively  investi- 
gated by  a  Committee  of  the  National  Academy,  which  presented  an 
encouraging  report  upon  it,  and  an  experiment  upon  a  scale  of  con- 
siderable magnitude  was  last  year  put  into  full  operation  in  our  neigh- 
bor State  of  New  Jersey.  It  is  yet  too  early  to  pass  judgment  upon 
the  merits  of  so  important  a  question,  and  which  involves  the  domesti- 
cation of  an  agricultural  industry,  for  the  products  of  which  the 
United  States  pays  an  annual  tribute  to  foreign  countries  of  about 
$80,000,000. 
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It  if*  j^ratifViii^,  1iu\v<'V«t,  to  \h-  al)I«-  lo  r^-xnl  tin*  •••nitinmil  "lu^t-j*?* 
of  tin;  Alv«'ni<l<)  li*-**!  Siigiir  (.'»*rii|Kiiiy  in  C'jilif'oriiia,  tli«*  only  e-tahlinh- 
nn'nl  in  tin-  llnitwl  StatJ-w  at  prt-jM-nt  enj^ijjwl  in  tin*  nianiifai'tun' of 
JMct  >ii);ar,  ami  to  which  I  nja<l«-  n'f«>n-inf  Isu^t  yctir.  The  Alvt-nulo 
Compativ  pnxhn-*-*!  lant  ywir  al»oiit  I,/>im>,«mm»  ||»«.  f,f  Xn-vi  ««ii;.':ir.  an<i 
<'arn<'<l  larj^o  dividomls  for  it*  st«M'khol<Ii'P<. 

The  su<'«'<'>w  of  this  ('oiii|tanv  in  thf  t;u«-  <>\  m-wt*'  foiM|N-titii>n 
with  the  <-jin<'  sii^ir  of  tin-  Hawaiian  NlarKU,  whi«h  e.\i.««lin^  treaty 
|»rovi.sions  with  that  kinp;(ioni  aihnit  frw  of  <lijty,  w  e«|>c<'ially  n«»te- 
worthv.  It  ('n'<'<tiially  di>|>oso?*  of  the  notion  that  theri'  i««  any  in'*n|Mr- 
ai>l<'  oliHtarlr  in  the  way  of  tht;  profitaith*  intriMhirtion  «»f  thi**  inilnntrk* 
in  the  I'nite*!  States,  and  h-nds  strong  |>n>lKil*ility  to  the  view.M  enter- 
tainer! hy  those  most  eonj|K*t«'iit  to  express  an  opinion,  that  the  faihir(>H 
that  have  overtaken  similar  enterpris<'M  start*'*!  in  otiier  Stat*-?*,  were 
due  to  inade(|nafe  i-apital,  infotuprtcnf  rnanaiTfinent,  or  to  l)oth  ftiUHcH 
oinihineil. 

'I'he  enerp'tit*   nna-iirf>.  taken  diirin)^  the   |»jL'»t  year   hy  St  •! 

De   lir.izza,  in   tlieir  efforts  to  hrin^  alnMit  a  inon-  din-'t   <•<  d 

intereonrs<;  Ix-tween  Euro|M'  an<!  tlie  |)opu!ons  interior  «if  tlie  Africitu 
continent,  hv  estahlishinj^  tnidin;;  jxtsts  alonj;  the  ••<»nr-4'  of  tlie  river 
< 'onj;o,  are  worthy  of  s|Hsial  mention.  Of  inten'st,  al^o,  is  tlie  explor- 
ing; e.xiM'tlition  undertaken  l»y  Nonlenskjold,  to  determine  the  eliaratter 
of  the  interior  of  tlie  (*ontinent  of  Cireonland.  Tlie  nrsiilts  t»f  this 
exiMslition,  which  have  Iat4-ly  Ikhmi  pnhlished,  though  nio^t  di.s;ip|>oint- 
iii);  to  this  iinlefatii^ahle  explorer,  may  Ik*  om-'itlcretl  to  have  deiiion- 
-tnit»d  the  fact,  that  the  vast  interi(»r  of  this  hitherto  unknown  nditi- 
nent  is  a  desert  of  |H'r|H'tua!  i«t\ 

.V  suhjwt  that  should  not  he  »>ver!ooko«!,  Iks-juls*'  »if  its  |M»s(«il>le 
future  industrial  imi>ortan<r,  i.s  the  disctiverv  of  tin  ore  in  apiwrenlly 
«•<  nsidenihh- ipiantitii's  in  sevenil  hK-tilities  in  the  I'nitt<il  States,  during 
the  past  v»".ir.  Of  tlii-we  dis«Mverii?*,  one  at  leiLst  is  s«i  well  authi-nti- 
cated  that  its  value  may  l>e  txinsiilen^I  as  pla(v«l  Iwyoinl  <pit>tion.  I 
refer  to  the  aniuunuvment  htst  year,  hy  l*rt»f.  Wm.  I*.  HIake,  of  the 
existen<v  of  ore  des|M)sit.s  of  this  im]K)rtant  metal  «»f  t>»iiHi«Icnil>Ie 
extent  in  the  n'^ion  of  the  Bla«'k  Mills  «»f  Ihikoiah.  When  it  i-*  «>»n- 
>idcnHl  that  thus  t'ar  not  a  single  ton  of  tin  is  pnithu^il  in  the  I'niled 
States,  atul   that  w»»  have   im|v»rte«!   tin    plati"?*   alone   li»   th<  f 

$10(\O<X),(KM).fn>m  l''nirland.  duriiii;  the  |»:i-f  Uu  v.  ap-.  the  it    ^  v 
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of  developing  domestic  sources  of  supply  of  this  indispensible  metal, 
that  promise  to  relieve  the  country  of  paying  so  large  an  annual  tribute 
to  foreign  manufacturers,  will  be  appreciated. 

One  of  the  most  practical  and  far-reaching  reforms  introduced 
during  the  past  year,  was  the  adoption  of  a  uniform  system  of  standard 
time  throughout  the  United  States,  and  which  has  most  satisfactorily 
done  away  with  the  annoyances  and  confusion  arising  from  the  almost 
innumerable  local  time  standards  hitherto  in  vogue.  This  reform,  by 
almost  unanimous  concurrence  of  the  government  departments,  muni- 
cipal and  town  authorities,  railroad  companies  and  other  influential 
corporations  of  the  country,  went  into  practical  eifect  in  the  month  of 
November,  1883.  The  plan  of  the  new  system,  the  suggestion  and 
final  adoption  of  which  are  due  to  Professors  Abb^  and  Barnard,  con- 
sists, briefly  stated,  in  dividing  the  territory  of  the  United  States, 
which  is  comprised  between  the  50th  and  130th  degree  of  longitude 
west  from  Greenwich,  into  sections  of  15  degrees  each,  and  requiring 
all  localities  ly^"S  ^i  degrees  east  and  west  of  the  controlling  meridian 
of  that  section  to  conform  their  time  to  that  of  this  meridian.  This 
arrangement  not  only  introduces  uniform  time  in  each  of  the  sections, 
but  it  makes  the  minutes  and  seconds  on  all  the  standard  clocks  identi- 
cal, the  hour  hand  alone  showing  a  diflerence.  The  controlling  meri- 
dians are  the  60th,  the  75th,  the  90th,  the  105th,  and  the  120th,  giving 
to  all  localities  lying  within  7^  degrees  east  and  west  of  each,  respect- 
ively, its  time ;  and  the  time  of  the  five  sections  thus  established  is 
designated  as  Eastern,  Atlantic,  Valley,  Mountain  and  Pacific  time, 
and  the  standard  time  of  the  localities  included  in  these  sections  diifers 
by  just  one  hour  from  that  of  its  neighboring  section — slower  than 
that  on  its  eastern  border,  and  faster  than  that  on  its  western  border. 

The  past  year  will  long  be  memorable  in  the  United  States  as  a  year 
of  floods  of  unprecedented  magnitude,  and  of  tornadoes  of  unparalleled 
violence.  From  both  of  these  causes  the  destruction  of  life  and 
property  was  very  great.  Other  portions  of  the  world  were  visited  by 
siesmic  disturbances  of  great  energy  and  destructiveness,  notably  the 
islands  of  Ischia  and  Java.  The  outbreak  in  the  latter  island  was 
attended  with  such  destruction  of  life,  and  by  such  profound  alterations 
of  the  topography  of  the  country,  and  of  the  adjacent  sea  bottom,  that 
competent  authorities  agree  in  pronouncing  it  to  have  been  the  most 
greatest  disturbance  of  its  kind  that  has  occurred  within  the  historic 
toric  period. 
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I»R()I'OSi:i>  olIhl.VAXCK  FOR    TIIK  EXAMINATION  OF 
STFAM    FX(;iNFFRS. 


At  tlir-  st:it<(l  iiKftinp  of"  tin-  IVaiiklin  Institute,  licKl  Wftlnt-Mlav, 
OitolMT  17,  IHM,;,  Mr.  ,1.  W.  Nystinrii  uti;n«|  tlu-  following  |iri-:iiiil)le 
Mild  nsolutinn,  vi/. :         '^ 

7'o  t/tr  Prvxidfut  and  Mf  inlirrn  of  the  Pranklin  IimlUutr. 

WiiKKKAK,  Till'  City  «»f  I'hilu<icl|)liia  Im.-*  huIUtihI  u^ritit  iiianydUaHtmuH 
^ti-aiii  ImjIIit  t*x|)I«)Mions  whi<-h  could  Imve  l»e»-n  iTrt-vriitt**!  Iiy  \ixu\<\-r  \%tv- 
'iiutioiiH,  uiid 

WirKKKAS,  TlnTf  arc  imw  in  u.se  in  tin*  City  «>f  rhila<lcl|i|iia  •m>iiii  -ix 
liiindnMl  IxtiltTH  which  have  danucronx  flat  cast  iron  hcad>J,  any  oiio  of 
wliich  is  iiahic  to  explode  at  any  moment  if  in  charve  of  in<*oni|M-tent 
attendants,  and 

Whkkkas.  So  jjrcat  a  nunilu-r  of  dangerous  slenm  hoilerx  cannot  rea- 
Honahly  he  removed  without  jrreat  inconvenience  and  ex|H-n!4c  to  the  <.wn- 
crs  of  th»-He  Itoilcrs,  an<l 

\\  iiKKiAS.  It  is  known  tliat  the  cxplosionM  of  thit*  cIumm  of  IxiihTx  havo 
heen  cause«l  hy  incom|R'tent  attendants,  U-  it 

/iV^o/»>«/,  That  tlie  Mayor  and  SeU'<'t  an«l  Common  CoiineiU  <.t  tin-  citv 
'■r  l'hihidel|)hia  he  ri"s|wctfully  ni|nested  hy  the  Franklin  Institnt**  to  |iaM 
an  Ordinance  to  tlie  foUowinK  eire«'t,  viz.  : 

Siiitplriiirnt  to  fin  Ordindncr  of  Jii/i/  1.1,  IWW.  mtidrtt  "An  (frdii, 
litthi(f  (hr  InHjtrrtion  of  Sttant  /ioilrniin  and j'or  (h>-  iSttf  nf  /'/n 
Ptnngylvunia. 

Si:<'ri<»N  1.      Thr  Silrrt  and  Common  Cnunrih  of  fhr  <\ttf  of  t'l^ 

i/o  ordain,  Tliat  fn>m  and  after  the  1st  tlay  of  Jannary,  1x^4,  all  en .  i  1 

steam  l»oilerw  openitetl  in  the  City  of  IMiiladelphia  sliuli  l»e  run  and  in 
charne  of  such  enjiinifrs  only  jl<*  shall  he  furni«he«|  with  a  pn<iKT  certill<"ate 
U.S  hereinafter  prt»vided. 

SKr.  1'.  The  Chief  City  Ins|K>ctor  is  henhy  authorixiil  and  nxiuiriHl  to 
tlcsijrnate  the'time  and  pla«-e  when  and  when-  all  applicants  for  a  «Hrtiflcate 
shall  Iwentitle*!  to  apply  for  examination  and  shall  re«'elvo  a  i-ertitlcate  if 
found  to  he  competent.  For  this  pur|><»>e  the  siiid  Chief  Insjuvtor  idiall  sit 
at  least  on<>e  a  month. 

Skc.  3.  He  shall  isHUe  cortilU*ate»»  of  two  olas.<t4<s— the  first  to  such  |tar- 
tii^s  as  niay  in  his  jud^rnicnt  U'  ipialifltHl  lo  have  charge  «»f  an  engine  and 
l>oiler8,  the  »e«'«»nd.  to  cuch  ju*  nuiy  in  his  judgment  Ih«  i|ualitU>tl  tn  have 
chnrne  of  steam  hoilers  in  estahlishnients  where  no  euKine  is  us*>d. 
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Sec.  4.  For  these  certificates,  which  shall  be  issued  for  one  year,  each 
party  receiviug  the  same  shall  pay  a  fee  of  two  dollars  for  first-class,  and 
of  one  dollar  for  second-class  certificate. 

Sec.  5.  That  the  said  City  Inspector  shall  refuse  to  grant  a  certificate  of 
inspection  to  any  person  who  shall  maintain  or  keep  in  use  or  operation,  or 
shall  put  in  use  or  operation,  any  stationary  steam  engine  or  boiler  within 
the  said  City  of  Philadelphia,  which  shall  not  be  in  charge  of  an  engineer 
duly  furnished  with  an  engineer's  certificate  as  aforesaid. 

Sec.  6.  That  whenever  the  said  City  Insjiector  shall  learn  of  any 
boiler  or  engine  being  operated  otherwise  than  by  an  engineer  duly  quali- 
fied and  furnished  with  a  certificate  as  aforesaid,  he  shall  forthwith 
cancel  and  revoke  his  certificate  of  inspection.  And  the  certificate  of 
inspection  of  any  steam-user  who  shall  thus  attempt  to  operate  an  engine 
or  boiler  without  the  care  of  an  engineer  furnished  with  a  proper  certifi- 
cate shall  be  deemed  and  adjudged  forfeited,  and  such  steam-user  shall  be 
subject  to  all  the  pains  and  penalties  provided  by  Act  of  Assembly  of  May 
7,  1864. 

John  W.  Nystrom. 

On  motion  of  Mr.  Nystrom,  the  preamble  and  resolution  were 
referred  to  a  special  committee.  The  President  appointed  Messrs.  J. 
W.  Nystrom,  Washington  Jones,  C.  M.  Cresson,  Coleman  Sellers,  Jr., 
Thomas  Hockley,  Esq. 

In  conformity  with  a  resolution  adopted  at  the  stated  meeting  held 
November  21,  1883,  the  President  increased  the  above-named  com- 
mittee by  the  addition  of  Messrs.  William  Heliiie  and  William  A. 
Ingham. 

At  the  stated  meeting  held  December  19,  1883,  the  committee  pre- 
sented majority  and  minority  reports,  which  were  ordered  to  be  printed 
for  the  use  of  members.  In  compliance  with  this  order,  the  same  are 
herewith  submitted. 

WlELIAM   H.  WaHL, 

Secretary. 


MAJOEITY   REPORT. 


To  the  President  and  Members  of  the  Franklin  Institute. 

Gentlemen: — Your  Committee  to  whom  was  referred  the  resolu- 
tions relating  to  the  "  Examination  and  Licensing  of  Engineers  by  a 
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lioanl  to  be  aj)j><»iiit«'<l  by  lln- <  ity  Aiitlioritioi,"  |)n^nt«<I  at  ili-    hhi  t- 
in^  Ih'1<1  Octolx^r  ITtli,  188.'J,  rfspcvt fully  r<.'jM)rt«: 

It  is  not  advisjihle  to  JLsk  for  the  |»a.ss;ij;f  of  an  «»nliiian<v  i-t-<|iiiring 
|KTHon.s  who  have  charge  of  engines  to  pa-ss  an  examination  ami  Ije 
liecA.se<J  l>y  a  lioanl.  Siuh  an  onlitiance  would  Ik-  in  restraint  of 
lilxjrty,  an<l  should  nevcj^  Ik*  enaete<l  unless  a  free  system  i«  intolerable, 
<»r  unless  the  reasons  for  restraint  are  shown  to  Ik-  overwhelming. 
Kvcry  s«-<Mirity  j)os.sibl«'  should  l>e  extendetl  to  life  and  projHrty,  but 
tin-  undersigne<l  are  of  the  opinion  that  the  pro)Mj(io<l  urdinauce  would 
not  tend  to  increase  it,  for  the  following  reas<jiw: 

Fimt.  The  (jualitications  of  an  engineer,  ajs  to  sobriety,  watchfulness, 
applii'iition  to  his  duties  and  a  knowleilgc  of  the  machine  under  his 
c:in'  ciuinot  l)e  determine<l  by  a  lioanl  of  examiners,  but  can  l>e,  oa 
now,  by  his  employer. 

Second.  Ah  the  examinations  must  necessarily  be  ujK>n  the  same 
few  ))oints,  it  might  l>e  {xtssible  for  in«-om])ctent  candidate!}  to  become 
possessed  improperly  of  the  i'ornH-t  answers  to  the  qm-stions,  and 
cons<H|uently  receive  a  lict'nse  without  |)oss<->.-.ing  the  (jiialifi<-:itioiis  xA 
an  engineer. 

Third.  Thi'  p:Lssjige  of  such  an  ordinance  w<»uld  crwiti-  a  privilege*! 
class  of  men  with  j)ower  to  fix  their  own  wages  n•g:lnlle^s  of  the 
value  of  the  service  rendere<l,  an«l,  as  pmprietors,  would  be  com|>elletl 
by  law  to  employ  only  thoso  having  a  license,  it  wouM  assist  in  extend- 
ing an  (Klious  f(-.iture  of  Tnuhs'  rnionism. 

Fourth.  Should  loss  of  life  or  damage  to  projKTtv  Ik.-  caused  bv  an 
expliHling  lK)iler,  whilst  in  charge  of  an  engineer  licensiil  by  municip:d 
autlnirity,  it  is  a  (juestion  whether  the  n-sjHinsibilitv  would  not  \k 
reinoveil  from  the  proprietor  and  jdact-^l  uimhi  the  citv. 

Fifth.  It  is  not  within  the  8Co|)e  of  an  Institution  fornietl  for  the 
promotion  of  the  Me<hanic  Arts  to  nx-ommend  or  in<lu(r  legislation 
uj)on  matters  not  relating  to  its  puriHise. 

WASHIN«;-n»N    .I<)Nh>. 

Wm.  (Iki.mk, 

Coi.EMAX   SEIJ.EKS,   Jll., 

CiiAUi.tiJ  M.  Cia>**<)x,  .M.I). 
I  concur  in  the  above  re|H)rt  except  as  to  panigruphs.  N(»s.  4  and  5. 

TiiDMAS    HlK'KI-KV. 

WiioLK  .N.>.  \  oi .  <  XVU.-.TiimuiJtKiia,  Vol.  IxxxtiI.)  lo 
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minority  report. 

Philadelphia,  Nov.  19,  1883. 
To  the  FreMdent  and  Ilembers  of  the  Franklin  Institute. 

Gentlemen: — The  Special  Committee  to  whom  was  referred  the 
preamble  and  resolution  in  the  matter  of  petitioning  the  Mayor  and 
Councils  of  Philadelphia  to  pass  an  ordinance  for  examining  stationary 
engineers  and  firemen,  respectfully  report 

That  the  Committee  is  of  the  opinion  that  it  would  be  of  great 
advantage  to  the  city  of  Philadelj)hia,  as  well  as  to  steam-users  therein, 
in  regard  to  safety  and  economy  in  the  working  of  stationary  stgam 
engines  and  steam  boilers,  to  create  a  spirit  of  emulation  among  engin- 
eers and  firemen,  by  classing  them  into  grades  by  strict  examination. 

The  Committee  also  believe  that  the  examination  of  stationary 
engineers  is  of  equal  importance  to  that  of  steam  boiler  inspection  and 
to  the  examination  of  steamboat  engineers,  and  that  it  would  be  expe- 
dient to  enforce  strict  examination  of  all  stationary  engineers  in  the 
State  of  Pennsylvania  by  an  Act  of  Assembly. 

According  to  the  Census  Report  ol  1883,  there  are  7,913  steam 
engines,  aggregating  512,408  horse-power,  in  the  State  of  Pennsylvania. 

There  are  about  1,700  engineers  in  charge  of  stationary  steam  engines 
and  steam  boilers  in  the  city  of  Philadelphia,  of  whom  only  250  have 
certificates  of  competency. 

The  originally  proposed  ordinance,  published  in  the  November 
number  of  the  Journal,  was  found  to  be  defective  and  incomplete 
for  fully  attaining  its  high  })urpose,  and  it  has  therefore  been  amended 
in  hope  that  the  Institute  will  approve  its  recommendation  to  the  City 
Councils  for  adoption. 

The  City  Councils  have  full  power  under  the  existing  Acts  of 
Assembly  to  pass  the  proposed  ordinance,  as  will  be  seen  by  the  fol- 
lowing. 

The  Act  of  Assembly  of  May  7,  1864,  for  regulating  steam  boiler 
inspection,  says  on  page  880  Pamphlet  laws : 

"Section  3.  The  Councils  of  the  City  of  Philadelphia  shall  have 
power  to  make  all  needful  rules  and  regulations  for  the  purpose  of 
carrying  the  foregoing  provisions  into  effect,  and  shall  provide  such 
other  regulations  as  may  be  nececssary  to  carry  into  effect  the  provi- 
sions of  this  Act     and  they  may  provide  for  the  performance  of  the 
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duties,  hereinlx'fore  cnjoinwl,  by  deputies,  <ir  f»tlier  ;Ls.»i-taiit.«*  «if  «ai<l 
in.sp<x;tor,  as  they  may  deem  ne<'essjin'." 

This  .section  ruak«5?  it  very  rl«*:ir  that  the  |iro|)4iM-<l  r»rdiM:iii("<'  for 
(xamiiiing  euj^ini-ers  i.s  one  of  "such  otlicr  n<;uhition.s"  wliicli  i.s  found 
to  1)0  neceKsar\'  for  currj'in^;  stejim*  Injiler  in.s|><!<tion  into  etfct't.  For, 
if  the  Hteam  lx>iler  i.s  in'^harj^c  of  an  in(v»m|K'tent  attendant,  the  in.««pec- 
tion  i.s  «tf  no  use,  as  has  lK*en  proven  hv  (.'.xplosirtns  «)f  ins|)ect«tl  iKjilerx. 

'\\m-  City  (,'ouncils  have  alrea<ly  pa.-vscHl  an  ordinanci-  .similar  to  the 
|»ropo.s<Kl  one,  namely,  that  of  July  13,  1S<>X,  for  rejjulating  ste;im 
l)(»iler  ins|M'<'tion,  which  .says,  |)age  .'>.'>!  : 

"Si-XTION  11.  If  at  any  time  the  In.spe<-tor  shall  deem  the  engine- 
driver  ineom{)otent  (»r  unreliaMe,  he  may  withhoM  or  withdraw  hi.s 
certificate  (of  ins|x><-tion).  The  insjM-ctor  shall  re|»ort  t«»  a  magi.stratc 
and  have  Iniund  over  for  trial  any  person  or  ]H'rs<jn.s  who  mav  have 
niidercd  themselves  liahle  by  infraction  of  any  {)rovi<^ion  of  this  ordi- 
nance, a-  provided  in  Section  4  of  the  A<t  of  A.s.s4'ml»lv  i^f  Mav  7, 
1H<;4." 

Th(!  (juestion  here  arises,  how  can  the  insptttor  timl  out  if  an  engi- 
neer i.s  incompetent  without  having  fin^t  examined  him?  ( >r,  i.«  the 
Inspector  to  wait  until  the  engineer  has  cimwnitted  .«^)me  blunders  and 
cjiu.sal  stesun  Uiiicr  explosions  with  destniction  of  life  and  prt»|>ertv, 
l)of(»re  considering  him  inct»m|K'tcnt  ? 

When  the  City  Councils  have  j)ower  to  i»a.s!«  the  onlinanc«'  of  .lulv 
1.*'.,  IHO.H,  with  the  S<H'tion  11,  then  they  have  also  jK>wer  t«i  pas-  the 
pro|M)sed  ordinance  for  examining  engin»ti>. 

The  Committee  obje<'ts  to  the  u.se  of  the  term  **engine-<lriver*'  a** 
improper,  for  the  n-ason  that  it  i.s  the  steam  which  drives  the  engine, 
and  not  tlie  engineer. 

The  (juestion  with  the  Fnuiklin  Ittstitute  in  thus  matter  is  not  that 
of  law,  which  is  for  the  City  Councils  to  ask  the  City  Solicitor,  but 
whether  or  not  it  wouhl  \w  ex|)e<iient  for  the  City  Councils  to  |iei.ss  the 
projKKsed  oniinance;  for,  in  (Use  they  hail  not  the  |M»wer  to  p:ts<  it.-'iuch 
couM  readily  Vtc  oiUnined  by  an  Act  of  A.ssembly. 

With  the  al>ovc  consiilmitions,  the  Coiiimitt*-*'  ri'sjxitfullv  nt'om- 
lut'iids  that  the  Franklin  Institute  shall  take  this  forwanl  step  in  the 
advancement  (»f  steam  engin»H^ring.  namely,  to  atlopt  this  n-port,  and 
submit  it  in  full,  with  the  pre:imble  and  resolution,  to  theCitv  Coun<'ih». 
with  n^'ommendation  for  the  |wLs.va/r  of  the  profKiecd  ordinamv  for 
examining  stationary  engineers. 

.It (UN    W.   Nystrom,   Chairman, 
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The  following  is  the  amended  form  of  the  proposed  ordinance, 
referred  to  in  the  minority  rejiort : 

PREAMBLE. 

Whereas,  The  City  of  PhiladeliDbia  has  suffered  a  great  many  disas- 
trous steam  boiler  explosions  which  could  have  been  prevented  by  proper 
precautions,  and 

Whereas,  There  are  now  in  use  in  the  City  of  Pbiladelphia  some  six 
hundred  boilers  which  have  dangerous  flat  cast  iron  heads,  and  other 
defects,  and 

Whereas,  Anj-  one  of  these  boilers  is  liable  to  explode  at  any  moment 
if  in  charge  of  incompetent  attendants,  and 

Whereas,  So  great  a  number  of  dangerous  steam  boilers  cannot  reason- 
ably be  removed  without  great  inconvenience  and  expense  to  the  owners 
of  these  boilers,  and 

Whereas,  It  is  known  that  the  exjilosions  of  this  class  as  well  as  of 
other  classes  of  boilers  have  been  caused  by  incompetent  attendants,  and 

Whereas,  It  is  of  equal  importance  to  examine  stationary  engineers  as 
it  is  to  examine  steamboat  engineers,  for  the  reason  that  human  life  is  as 
precious  on  land  as  on  water,  and 

Whereas,  It  has  been  demonstrated  by  explosions  that  the  object  of 
steam  boiler  inspection  cannot  be  rendered  efTective  without  comjietent 
attendants,  and 

Whereas,  It  has  been  proven  by  experience  that  it  is  necessary  to 
examine  steamboat  engineers  in  order  to  render  steam  boiler  inspection 
effective,  and 

WHPmEAS,  It  would  be  of  great  advantage  to  the  City  of  Philadelphia 
as  well  as  to  the  steam  users  therein,  in  regard  to  safety  and  economy  in 
the  working  of  steam  engines  and  boilers,  to  elevate  stationary  engineers 
by  examination  and  grades,  to  the  level  of  steamboat  engineers,  be  it 

Resolved,  That  the  Mayor  and  City  Councils  of  the  City  of  Philadelphia 
be  respectfully  requested  by  the  Franklin  Institute  to  pass  an  Ordi- 
nance to  the  following  effect,  viz. : 

Supplement  to  an  Ordinance  of  July  13, 1868,  entitled  an  Ordinance  regu- 
lating the  inspection  of  Steam  Boilers  in  and  for  the  City  of  Philadelphia, 
Pennsylvania. 

Section  1.  The  Select  and  Common  Councils  of  the  City  of  Philadelphia 
do  ordain:  That  from  and  after  the  first  day  of  January,  1884,  all  Engi- 
neers and  Firemen  who  have  charge  of  stationary  steam  engines  and  steam 
boilers  operated  in  the  City  of  Philadelphia  shall  apply  to  the  City  Chief 
Boiler  Inspector,  for  certificate  of  competency  as  hereinafter  provided. 

Section  2.  The  City  Chief  Boiler  Inspector  is  hereby  authorized  and 
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re<inirt<i  to  (lesignute  a  tiiiif  and  iilm-e  when  aini  where  nil  up|ilieant«  for 
eertiflcute  Hhali  he  entitled  to  npidv  for  exaininution,  and  nhall  reet-ive  a 
certitleate  if  found  to  he  eonipttent  an<l  of  ^;ikm1  ^tanclin^.  For  tlii**  [•urfxi'ie 
the  Huid  InHpeetor  Hliall  sit  at  leant  once  a  month. 

Hkction  .'{.  That  the  s^d  City  Insp«M-tor  shall  have  an  uMt.i-.tant  Kxanii- 
uer,  whoMe  <lnty  f^hall  also  he  to  keep  records  of  ipialiheation  and  standini; 
of  eaeh  Stationary  lOnijineer  and  Kireman  who  hold  eertitlcate  of  eijmjH'- 
tency,  and  that  eaeh  eandidat«-  shall  he  examined  hy  Ixith  the  said  City 
InHiK-<-tor  and  his  axHiHtant  KxamiiH-r.  and  lH>th  to  xi^n  the  eertifk'Ute  if 
found  to  he  eom|H't«'nt. 

SkctioN  4.  That  the  sai<l  City  1  iis|><(tor  -liMI  i--iif  iiriill<at«-^  of  five 
dUFerent  chiBses,  namely,  iw  follows  : 

Firnt  ClftHH  Crrdflcntc  shall  he  issued  lo  any  Stationary  |-,ti;.'iii<-<T  who  hits 
heen  continually  in  charge  of  the  workinj^  of  engines  and  Ixtilers  for  a  term 
of  not  less  than  ten  years,  an<l  can  ]>a.*-s  a  thorou^'h  examination  in  the 
practical  mana^'ement  and  care  of  stationary  steam  engines  and  sti-am 
hollers;  in  the  rudimetits  of  the  scicn«"es  involvi-d  in  his  profession,  such  n» 
elements  of  meehaiucs;  properties  of  water  and  steam  in  relation  to  heat  ; 
properties  nf  different  kindH  of  eoal  in  relation  to  eomhustion  and  it^ 
economy  ;  in  the  construction  and  propertii-s  of  diflerent  kinds  of  statiouary 
enj^ini-sand  l»oilers  ;  in  tin-  properties  anil  uses  of  sti-am  indicators  and  indi- 
cator diagrams;  and  in  the  principal  causes  and  prevention  of  steam  iKiiler 
explosions.  Any  candidate  who  is  foun<I  hy  examination  tc)  he  worthy  of 
a  llrst  class  eertilicate  shall  he  distinguished  thereon  as  Chief  Kn^inevr. 

Second  CffiJiM  C'erfi/Kote  shall  he  issui**!  to  any  Stationary  Knnin»'*T  who 
has  heen  eontiniuilly  in  chari^e  of  the  working  of  stationary  steam  en^hiefl 
and  steam  hollers  for  a  term  of  not  less  than  five  years,  ami  can  |t;iss  u 
thorou;;h  examination  in  the  practical  manafjrement  and  care  of  stationary 
steam  engines  an<l  steam  Itoilcrs,  including  the  taking  of,  and  working  out 
indicator  diagrams,  and  in  the  piincipal  causes  of  steam  hoihr  explosions. 

Third  CloM  C^tijlrafe  shall  he  isHUed  to  auy  Stationary  Kngineer  who 
has  heen  continually  in  charge  of  the  working  and  wire  of  stationary 
steam  »'ngines  and  steam  h«)ilers  for  a  term  of  not  less  than  two  years,  and 
can  pass  a  thorough  examination  in  the  pnictical  nutnagement  an<!  care  of 
such  eugim-s  and  hollers,  and  in  the  principsil  causest  of  steam  lK>ilt'r 
explosions. 

J'\>iir(fi  ('law  CertificafesUiiW  Ik.'  issued  t«>any  applicant  whom  the  Kxanii- 
ners  find  e«>mpetent  to  take  «'harge  of  stationary  steam  engines  and  tttenni 
hollers  of  horMe-|H)wer  not  »'xeei*iling  that  which  shall  In-  staleii  on  the 
ccrtitlcate. 

Fifth  CUisn  ('rrfifirafe  shall  he  issue<l  to  any  Kirenutn  whom  the  Kxami- 
ners  find  competent  to  take  ehargeof  stationary  steam  lK)llers  usttl  for  heat- 
ing puriMises  in  nuiuufaeturing  es^tahlishnientM  wher%>  no  steam  engine  Ib 
U8ed. 

Skctiox  ")  I'-or  these  eirtillcates  each  |»arty  retvlN  i'l  '  'lo-  H.-.nii-  ^IimII  pay 
a  fee  as  follows : 
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First  Class^Certifieate,  five  dollars. 

Second  Class  Certificate,  four  dollars. 

Third  Class  Certificate,  three  dollars. 

Fourth  Class  Certificate,  two  dollars. 

Fifth  Class  Certificate,  one  dollar. 

Section  6.  All  moneys  collected  as  fees  by  said  Inspector  for  aforesaid 
certificates  shall  be  paid  over  to  the  City  Treasurer,  and  the  City  Controller 
shall  audit  the  accounts  annually. 

Sectiox  7.  That  duiing  the  first  six  months  of  the  year  1884,  the  time  in 
which  this  Ordinance  shall  be  brought  into  full  effect,  such  Stationary 
Engineers  and  Firemen,  who  are  well  known  to  the  said  City  Inspector,  or 
to  his  assistant  Inspectors  or  Examiner,  to  be  competent  and  of  good  stand- 
ing, may  receive  a  third,  fourth,  or  fifth  class  certificate  without  exami- 
nation, but  after  the  expiration  of  said  six  months,  that  is,  on  or  after  the 
first  day  of  July,  1884,  every  applicant  must  be  thoroughly  examined  as 
aforesaid,  before  receiving  a  certificate  of  competency. 

Section  8.  That  on  and  after  the  first  day  of  July,  1884,  all  stationary 
steam  engines  and  steam  boilers  operated  in  the  City  of  Philadelphia,  shall 
be  run  and  in  charge  of  only  such  Stationary  Engineers  as  shall  be  fur- 
nished with  proper  certificate  of  competency  as  before  provided. 

Section  9.  That  when  any  Engineer  or  Fireman  who  has  received  a 
certificate,  is  afterward  found  to  be  incompetent  or  negligent  in  his  duty, 
the  said  City  Inspector  may  cancel  and  revoke  such  certificate,  and  ne  may 
by  re-examination  issue  to  such  Engineer  or  Fireman  another  certificate, 
but  of  a  lower  class  to  an  Engineer. 

Section  10.  That  the  said  City  Inspector  shall  refuse  to  grant  certificate 
of  inspection  to  any  party  who  shall  maintain  or  keep  in  use  or  operation 
any  stationary  steam  engine  or  steam  boiler  within  said  City  of  Phila- 
delphia, which  shall  not  be  in  charge  of  an  Engineer  duly  furnished  with 
a  certificate  of  competency  as  aforesaid. 

Section  11.  That  whenever  the  said  City  Inspector  shall  learn  of  any 
stationary  steam  engine  or  steam  boiler  being  operated  within  the  said  City 
of  Philadelphia  otherwi^ie  than  by  an  Engineer  duly  qualified  and  furnished 
with  a  certificate  a^  aforesaid,  he  shall  forthwith  cancel  and  revoke  his 
certificate  of  inspection. 

Section  12.  That  the  certificate  of  inspection  held  by  any  steam  user 
who  shall  attempt  to  operate  a  steam  engine  or  steam  boiler  without  the 
care  of  an  Engineer  furnished  with  a  proper  certificate  of  competency  shall 
be  deemed  and  adjudged  forfeited,  and  such  steam  user  shall  be  subject  to 
all  the  pains  and  penalties  provided  by  the  Act  of  Assembly  of  May  7,  1864. 

Section  13.  That  nothing  in  this  Ordinance  shall  be  so  construed  as  to 
render  the  City  of  Philadelphia  responsible  for  any  damage  caused  by 
steam  boiler  explosion  or  other  accident  occurring  from  neglect  or  incompe- 
tency of  any  Engineer  or  Fireman  who  may  have  passed  his  examination, 
and  received  a  certificate  of  competency  from  the  proper  authorities. 

Section  14.  All  Ordinances  or  parts  of  Ordinances  ineousistant  herewith 
are  hereby  repealed. 
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Celestial  Photography. — Tlif  Hi>t  applk-ation  of  phot<>^raphy 
to  astronomy  was  made  in  Franw.  Tlic  first  Dajruerrian  image  of  a 
heavenly  ImmIv  was  that  of  the  sun,  which  was  taken  hy  Fizeaii  an«I 
F'oucault,  April  2,  IHIO.  S»K)n  afterwards  fine  photo^raplii  of  the 
moon  were  obtaimxi,  in  th(>Unitcd  States  hy  KiitJjerfurd,  and  in  Eng- 
lan<l  hy  Warren  de  la  Rue.  In  many  oKs4rvati»ri<s  plnjto}rraphs  of 
the  sun  have  heen  taken  for  twenty  years,  t<»  faeilitate  the  study  <jf  tlie 
spots  and  faeula*.  More  recently  still,  Kutherfurd  and  (iould  photo- 
^raplie<l  the  stars,  for  the  purpose  of  forming  celestial  cliarts,  and 
Draper  ohtainetl  a  successfid  photograph  of  the  great  nebula- of  Orion. 
'I'he  large  solar  images,  which  have  Ix-en  oht;tine<l  during  the  last  few- 
years  at  Mei'.don,  have  revealeil  phenomena  on  the  sun's  surface  which 
are  invisible  to  the  most  jK)werful  teles<'oj>es,  and  which  open  an 
<'iitirely  new  Held  of  n-search.  \W  their  aid  we  learn  the  true  f<»rm  of 
those  elements  of  the  photosphere  alxnit  which  so  many  ditfen-nt  and 
contradictory  jtssertions  have  Im-cu  ha/;irded.  In  issj^the  fir-t  photo- 
graj)h  of  a  comet  with  it.<  tail  wits  (jbtained  at  Meudon.  It  revealed 
i'urious  details  of  structure  an«l  allowetl  divers  photometric  meiLsure- 
nients,  whicli  showcnl  that  the  tail,  in  spite  of  it.s  apparent  brilliantT, 
is  from  two  to  three  hundre<l  th«>usjind  times  less  luminous  than  the 
moon.  The  preservation  of  the  images,  the  wide  range  of  sen.-itiveness 
in  the  plates,  and  the  faculty  of  embracing  the  most  feeble  as  well  as 
the  most  powerful  luminous  phenomena,  lead  tlan.ss<'n  t«>  style  the  pho- 
tographic j)late  the  true  retina  of  thes:ivant. — L' Astrontnnie,  April.  's3. 


Franklin     Institute. 


[Proceedings  of  (he  Staird  Meeting,   Wediwsday,  January  Ifi,  1**4.] 
Ham,  ok   IMF.  IxsTiTi'TK.  Jan.  IG,  1884. 

Tlie  meeting  wus  called  to  onler  at  the  usual  hour,  with  the  Prcsi- 
<lent,  Mr.  Wm.  P.  Tatham,  in  the  chair. 

Present,  i»0  mend>ers  and  o  visitors. 

The  minutes  of  the  last  meeting  were  resul  and  approve^l. 

The  .\ctuarv  submitto«l  the  mimites  of  the  Hoanl  ot  Maniigi^rs.  and 
reporteil  that  at  the  stat«'«l  meeting  held  We<lncs«lay.  .lanuarv-  '.•ih,  11 
persons  hat!  been  electeil  to  membership.  He  also  presented  the  fol- 
lowing 
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Annual  Report  of  the  Board  of  Managers  for  the  year  1883. 

The  Board  of  Managers  of  the  Frankliu  Institute  of  tiie  State  of 
Pennsylvania  for  the  Promotion  of  the  Mechanic  Arts,  respectfully 
presents  the  following  report  of  the  operations  of  the  Institute  during 
the  year  1883. 

During  the  year  139  new  members  have  been  elected;  22  have 
resigned ;  and  40  have  been  dropped  for  non-payment  of  dues. 

The  following  is  a  condensed  summary  of  the  report  of  the  Treasurer 
for  the  year  ending  December  31,  1883. 

RECEIPTS. 

Balance  on  hand,  January  1,  1883 $  1,931  65 

Cash  received  from  Philadelphia  and  Reading  Rail- 
road bond  ($1,000) 1,135  00 

Cash  received  from  all  other  sources 13,844  99 

Total $16,911  64 

PAYMENTS. 

Five  per  cent.  Building  Loan  paid  off. $    136  25 

Six  shares  Pennsylvania  Railroad  stock 300  00 

Pennsylvania  Railroad   scrip  bought  to  make  even 

amounts  to  take  12  shares 44  46 

Exhibition  of  1884 307  71 

All  other  current  payments 15,465  65 

$16,254  07 

Balance  on  hand,  December  31,  1S83 657  57 

Total $16,911  64 


The  accounts  show  a  diminution  in  cash  balance  of. $1,274  08 

"  "  "  securities  of 25175 

Deficit  for  1883 $1,525  83 

Which  is  more  than  balanced  by  the  increased  value  of  the  Library  and 
other  property  of  the  Institute. 

The  increase  of  the  Library  during  the  year  1883,  owing  to  the 
increased  appropriation  by  the  Board,  aided  very  materially  by  the 
judicious  activity  of  your  Committee,  has  been  greater  than  in  any 
previous  year,  the  total  additions  being  over  3,000  volumes  and  pam- 
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phlets.  The  Board  refers  to  the  Report  of"  tlie  Ooinraittee  on  the 
Library  for  the  details. 

Tlie  Board  feel.s  impelled  t(^ repent  what  ha.-?  been  s;iid  in  previous 
reports,  that  the  aceommodatioiir;  of  tlie  Library  are  entirely  in.sutficient. 
New  case.s  have  been  added  and  filled,  and  more  ordered,  but  notwith- 
standinj^  this,  tlie  Librarian  is  eonijK.*ll('d  to  adopt  the  plan  of  doubling; 
the  volimies  of  scientific  serials  upon  the  shelves  in  the  eitses  where 
they  belong.  The  Board  feels  also  corapeile<l  to  denounce  an  evil, 
partly  owiiif^  to  present  inconvenient  arrangements  which  make  it 
itnj»ossible  for  the  guardian  in  charge  to  oversee  the  whole  Library. 
It  has  brcii  discovered  that  unprincipled  persons  have  cut  out  pages 
and  illustrations  ol"  books,  and  thus  some  of  our  .sets  have  l>een  muti- 
lated, and  it  is  inipo.ssible  to  know  to  what  extent  this  h:is  been  done. 

The  progress  of  the  Journal  has  been  satisfactory.  The  genenil 
index  is  far  advancetl,  and  is  expected  to  be  finisheil  during  the  present 
year. 

During  the  present  year,  thirty-five  lectures  were  delivereil  imder 
the  direction  of  the  Committee  on  Instruction,  with  the  aid  and  counsel 
of  the  Professors.  They  weredivide<l  as  follows:  Prof.  IL  C.  Lewis, 
two  lectures  on  Geology  ;  Mr.  C.  Henry  Koney,  four  on  Sanitary 
Engineering;  Dr.  H.  F.  Formad,  five  on  the  Smallest  Living  Organ- 
isms; Prof.  A.  J.  Parker,  five  on  the  Sensory  Organs;  I>r.  (.'.  B. 
Dudley,  two  on  Friction  and  Lubrication;  Mr.  Thos.  H.  McCollin, 
two  on  Photography  ;  Prof.  Pei-sifor  Fra/er,  two  lectures  intnxluctory 
to  the  course  on  Chemistry;  Prof  Coleman  SelleiN,  one  le<'ture  intro- 
ductory to  the  c()ui"sc  on  Mechanics;  ^^r.  Joshua  Rose,  five  lectuns 
on  Tools;  Prof.  \\.  IL  Greene,  four  on  Chemistry;  Dr.  C.  Fahll>erg, 
one  on  TechnictU  Chemistry  ;  Prof.  E.  J.  Houston,  a  ChrLstmas  lecture 
to  the  children. 

In  addition  to  the  above  in  the  regular  course,  Mr.  James  Piatt,  of 
Gloucester,  England,  delivered,  by  invitation,  a  lecture  on  Hydraulic 
Machines  as  Applied  to  Riveting  Boilers  and  Ships;  and  P^lweard 
Muybridge,  of  Sau  Franciscx),  one  on  the  Attitudes  of  AnimaN  in 
Motion. 

The  attendance'  at  these  lectures  w;is  uniforndy  gtxxl.  The  policy 
of  issuing  free  tickets,  to  membei's  for  distribution  to  friends  hivs  been 
contiimed,  and  seems  to  give  entire  sjitisfaction. 

Tiie  Drawing  School,  which  still  continues  untler  the  direction  of 
Mr.  William    11.  Thorne,  has,  in   poitit  of  discipline,  effectiveness  of 
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instruction,  and  number  of  pupils  in  attendance,  made  gratifying 
progress. 

The  pupils  in  attendance  at  the  spring  term  numbered  192,  and 
those  at  the  winter  term,  184,  making  a  total  of  376.  They  were 
divided  into  seven  classes  with  one  instructor  to  each  class.  The 
school  is  now  very  efficiently  organized  and  officered,  and  your  Board 
refers  to  this  branch  of  the  Institute's  work  with  satisfaction.  The 
entire  third  story  of  the  Institute  building  is  now  given  up  to  the 
school,  and  its  further  growth  will,  therefore,  be  checked  for  want  of 
additional  class-rooms. 

The  last  annual  report  of  the  Board  contained  a  suggestion  of  a 
special  Exhibition  of  Electricity  and  its  applications.  In  execution 
of  this  design,  the  Board  has  caused  all  the  necessary  preliminary  steps 
to  be  taken.  In  order  to  present  the  subject  completely,  it  was  decided 
to  make  the  Exhibition  international,  and  to  that  end  a  joint  resolution 
of  Congress  was  obtained  to  admit  duty  free  all  foreign  contributions 
to  the  Exhibition.  The  free  use  of  the  lot  at  the  corner  of  Thirty- 
second  street  and  Lancaster  avenue  has  been  secured  from  the  Penn- 
sylvania Railroad  Company,  and  the  various  sub-committees  of  the 
Committee  on  Exhibitions  have  completed  the  preparation  of  the  papers 
to  be  issued  both  in  this  country  and  in  Europe.  The  opening  of  the 
Exhibition  has  been  fixed  for  Tuesday,  September  2,  1884;  and  from 
the  interest  generally  manifested  in  the  subject,  the  Board  has  the 
confident  hope  that  the  Exhibition  may  prove  of  the  greatest  benefit 
to  all  concerned. 

The  American  Association  for  the  Advancement  of  Science  has 
determined  to  hold  its  session  for  1884  in  this  city  during  the  month 
of  September.  The  British  Association,  which  is  this  year  to  hold  its 
annual  session  in  Montreal  during  the  month  of  August,  will  then 
have  adjourned,  and  it  is  hoped  that  a  large  number  of  scientific  men 
may  be  in  this  city  during  the  Exhibition. 

To  reap  the  full  benefit  of  these  circumstances,  a  committee  .was 
appointed  by  the  Institute,  at  the  September  meeting,  to  arrange,  if 
possible,  for  an  Electrical  Conference  to  convene  in  Philadelphia  upon 
the  occasion.  This  committee  has  been  actively  engaged  in  corres- 
pondence upon  the  subject,  and  has  met  with  the  cordial  sympathy  of 
distinguished  men.  A  bill  has  been  introduced  into  Congress,  pro- 
viding for  the  appointment  of  a  National  Scientific  Commission  to 
conduct  the  Electrical  Conference,  and  appropriating  a  small  sum  to 
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<l<'fray  the  neccsHJiry  expenses  ofcoiidiictinj^  the  inve<tigations,  report- 
inj^  the  pnx;ee(liii{^s,  and  piihlishinj;  the  rttiiilts  of  the  Conference. 

The  Hoard  inchiljres  the  hope  tliat  this  movement  may  Ix'  sucressful, 
and  that  .so  (jxcclh-nt  an  ojtportunity  for  the  advancement  of  ."^<ienee 
may  not  Ix;  thrown  away. 

The  Ch«'mic:il  and  Klectricjil  .Sciions  and  thf  l'lion<tic  .Sliorl-liand 
Section  hav<'  (•xhil)it«'<l  a  (n'ditahh-'  deji^nt.'  «)f  activity  dnring  th<-  pa-t 
year,  and  your  Hoard  nf*  is  to  their  re|M)rts  witli  satisfaction. 

The  Committee  on  Science  and  the  Arts,  diirinj;  tlie  pa^t  year,  hjw 
re])ort('(l  upon  twenty-tlire<'  applications,  and  in  nine  c:ls«*s,  h:»s  re<-om- 
nienih-*!  the  award  of  tli<'  dolin  S-ott  Legacy  Medal  and  Premium,  all 
of  which  wert;  confirmetl  l)y  the  Institute,  and  approv«*<l  hy  the  H(»ard 
of  City  Trusts. 

All  of  which  is  respectfully  suhmitted. 

I>y  (»rdcr  of  the  Hoard, 

W.  P.  Tatham,   I'riisidiiU. 
Jamiury  !•,  lss|. 

The  CommitttH'  on  the  Library  j>rc-;cnt''d  the  following  KcjKirt : 

Total  numher  of  vohmie.--  in  Library,  1  )c«-.  .>(>,  LS.Sli  (exclusive  of 
pamphlet.s),  as  per  last  report,  10,770. 
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Total  number  of  volumes  in  Library,  Dec.  31,  1883,  18,262,  exclu- 
sive of  pamphlets,  which  (although  no  actual  count  has  been  made  as 
yet)  it  is  estimated,  number  about  9,000. 

Of  the  books  purchased,  fifty  volumes  and  one  pamphlet,  valued  at 
about  $110.00,  were  received  from  the  Journal  of  the  Institute,  to 
which  they  were  sent  for  review. 

Duplicates. — 90  volumes  and  pamphlets,  valued  at  $116.00,  were 
exchanged  for  139  volumes  and  pamphlets,  valued  at  $128.00. 

222  volumes  and  pamphlets  have  been  presented  to  the  Library  by 
various  Departments  of  the  U.  S.  Government,  and  95  (needed  to  fill 
gaps  in  serials)  wei;e  purchased,  at  an  expense  of  about  $35.00. 

Among  the  books  presented  ai*e  several  volumes  of  American  Ephe- 
meris  and  Nautical  Almanac  (the  publication  office  of  which  had  omit- 
ted the  name  of  our  Library  for  the  last  two  years) ;  Reports  of  the 
Hayden  Survey  ;  Reports  of  Consuls  upon  the  Commercial  Relations 
with  the  United  States  (monthly  publications,  which  will  be  sent  regu- 
larly in  the  future) ;  Reports  of  Director  of  U.  S.  Mint ;  Professional 
Papers  of  U.  S.  Signal  Service  (to  be  sent  regularly  in  future) ;  Navy 
Scientific  Papers. 

An  exchange  was  effected  with  the  U.  S.  Geological  Survey  Office 
for  all  future  publications  of  that  office,  and  the  name  of  the  Library 
placed  on  the  distributing  lists  of  a  number  of  Bureaus  in  the  Depart- 
ments of  the  Government.  During  the  last  two  months,  correspon- 
dence has  been  opened  with  over  400  engineers  and  superintendents  of 
water  departments  of  cities  of  over  10,000  inhabitants  for  their  reports, 
and  your  Library  is  now  in  possession  of  these.  In  many  instances 
complete  sets  were  obtained,  which,  for  want  of  time  to  arrange,  can- 
not be  included  in  the  list  of  serials  completed  during  the  year  1883. 

Among  donations  received  may  also  be  mentioned,  Dictionnaire  des 
Jardinieres  (deposited  by  Dr.  A.  J.  Brazier  in  1851,  and  presented  to 
the  Library  by  his  sister,  as  per  request  of  the  deceased) ;  a  second 
invoice  of  books  from  the  executor  of  the  late  John  Lenthall,  U.  S. 
Navy,  including  the  Transactions  of  the  Institution  of  Naval  Archi- 
tects, with  Index  to  first  21  volumes ;  Reed's  Ship  Building ;  Ran- 
kine's  Ship  Building,  and  many  French  works  upon  the  same  subject. 
Also,  nine  volumes  of  Poor's  Railway  Manual,  valued  at  $45.00 ;  ten 
volumes  of  Proceedings  of  American  Pharmaceutical  Association ;  a 
number  of   volumes  of  Journal  of  American  Geographical  Society, 
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from  the  8wi<'ty  ;  Journals  of  Select  ami  (omraoii  Omnrils  of  IMiila- 
«ltl|)liia,  from  Charh^s  H,  IJanes'*;  ami  Prwcwlinps  of  the  Arm.Tiiau 
A.s.s<x'iatioM  for  tin-  AdvaiK-t.'nient  of  Srienw. 

ExrJidiKjrH. —  lOM  fon*ij;ii,  H.'>  duiiM'stic  ami  "_''»  ritv,  or  a  total  <A  111. J 
weekly,  luoiilhly  ami  daily  joiirnaU  have  Ix-^n  re<t'ive«l  in  the  Lihrar)' 
during  the  |»a.st  y«ar  in  exchange  for  the  J<»riiN.\i.  of  the  Institute. 

Serial  PtiJ}limii(nxjt. — Sixty-one  s«.'rial  puldication-  and  four  8et«  of 
wicntific  works  have  Ikn'Ii  eomplete<l  during  the  year.  Among  them 
may  In*  nameil :  The  I'hilosophieal  Magazine  from  ITiMj  (a.s  Xi«h- 
olson's  .Journal)  to  IHH.'J,  including  all  its  hranehes  ;  Newton';*  Ix>ndon 
•loiiriial  of  Arts  and  Sciences;  Tninsactions  of  Society  of  Arts,  I>on- 
doii  ;  .lournal  of  SM-iety  of  Arts,  I^)ndon  ;  Tr:insaeti<»ns  of  In>ititute 
of  .Naval  .\rcliiteeture  of  (in-at  Britain;  Pnweetlingy  of  Am«rie:in 
I'liarmaceuticiil  As-s^x-iation ;  Canadian  Naturalist  and  Geologist; 
.liMirnal  of  .\tneri«'an  (ieogn»j)hical  Swiety  ;  American  .Vsso<-iation  of 
(Jeologists  and  Naturalists;  Civil  Kngineer  and  Arehit«vt's  Journal, 
London;  Reports  on  the  Geology  of  Pennsylvania  ;  Kejwrts  of  G»*o- 
logicjd  Survey  of  Kentucky,  1st  .series. 

The  accompanying  table  shows  the  additions  of  all  kinds  nuide  to 
the  Lil)rar\'  e-ach  vear  sine*-  iSTo,  the  date  of  the  first  puhlishi'd  rejK)rt : 


YMr. 


1«70.. 
1877, 
1878. 
1879.. 
1880. 
1881. 
iss:.' 


^U^\\U^\. 

Int..  .,!.  : 
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HH 

!.«» 
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-vr.* 

I.l«l 

»ir> 

fTH 

i.aM 

l.«6 

i.ras 

S4II 

•.!«  «.an         tM.ao 


Ues|)c<'t fully  suhmitt«Hl. 


Ch.\s.  BlI.UxK, 
Ch'n  OommiUer  on  Library. 
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The  Trustee  of  the  Pennsylvania  Museum  and  School  of  Industrial 
Art  presented  the  following  Report : 

To  the  President  and  3Iembers  of  the  FranhUn  Institute: 

Your  representative  in  the  Board  of  Trustees  of  the  Pennsylvania 
Museum  and  School  of  Industrial  Art,  herewith  presents  a  summary 
of  the  operations  of  the  Institution  during  the  past  year,  viz. : 

The  number  of  admissions  to  the  Museum  in  Memorial  Hall,  during 
the  year  was  168,931,  being  an  increase  of  9,648  over  the  year  1882. 

The  greatest  number  admitted  in  any  one  month  was  30,465  in 
September,  and  the  greatest  number  in  one  day  was  4,323  on  Septem- 
ber 9th. 

The  steady  increase  in  the  number  of  visitors,  which  these  figures 
exhibit,  may  safely  be  taken  as  an  evidence  of  the  growing  popularity 
of  the  Institution. 

The  chief  events  in  the  history  of  the  institution  during  the  past 
year,  are,  the  transfer  to  the  Smithsonian  Institution  of  the  collection 
of  the  American  Institute  of  Mining  Engineers,  the  gift  by  Mrs. 
Bloorafield  H.  Moore,  of  eighty-two  (82)  large  oil  paintings  (apparently 
old,  and  copies  of  old  masters,  but  as  no  catalogue  has  been  received  to 
date,  their  authorship  is  unknown).  The  Museum  made  no  purchases 
during  the  past  year.  One  hundred  and  sixty-seven  (167)  objects 
were  received  by  donation,  and  four  hundred  and  thirty-seven  were 
received  on  loan.     The  additions  to  the  Library  numbered  twenty. 

The  School  of  Industrial  Art,  which  is  very  properly  regarded  as 
the  most  important  branch  of  the  Institution's  Avork,  was  continued 
during  the  past  year  at  the  rooms  No.  1709  Chestnut  street,  under  the 
same  general  direction  as  during  1882;  the  number  of  pupils  averaged 
eighty-two  (82). 

The  financial  embarassments  which  for  several  years  seriously  ham- 
pered the  proper  development  and  usefulness  of  the  Institution,  were 
happily  removed  during  the  past  year.  By  the  active  co-operation  of 
the  old  Centennial  Executive  Committee  of  Women,  under  the  name 
of  the  Associate  Committee  of  Women,  a  very  successful  entertainment 
was  given  on  December  12th,  at  the  Academy  of  Music,  for  the  benefit 
of  the  Endowment  Fund,  and  which  netted  four  thousand  five  hundred 
(4,500)  dollars. 

The  Endowment  Fund  at  present  amounts  to  about  fifty-five  thou- 
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■sind  (5o,0(J())  dollars,  all  of"  \vlii«li  was  <Ic(itiitively  Hvun-*!  during  the 
past  year. 

The  Institution  enters  ii|M»n  tin-  pn-n-nt  y<iir  with  niiu-h  arupk-r 
t(|)|M»rtiiiiili«'rt  lor  UHC't'nlnt.'j<s  than  ev«  r  U-lort*. 

KehjMMl fully  >ui>inittfd, 

Wii.i.ivM  11.  \V.\ni.. 
I'/iilailt(phi<i,  <]iximiiry  Hi,  iHHi. 

lieporLs  were  also  presented  from  the  ('hemical,  Kl«'tri<':il  and  I'h<»- 
n<'tic  Short-hand  S<'<-ti»>n.». 

.Ml  of  the  alntvc  wrrc  arrrptnl. 

The  Tellers  of  the  annual  election  held  thiH  day,  l>ftweon  the  hours 
<»f  \  anil  H  V.  M.,  made  their  n'|x»rt,  \vh(reuj>on  th<-  I 'resident  antiounee<l 

the  lollowin;;  as  the  result,  vi/.  : 

Pirniilnd  (^ to -serve  oneyejir),  \N  in.  V.  'lalhani. 

Mct'-PresitlaU  (to  serve  three  years),  Ciiarle.'s  Bullock. 

Secrdary  (to  sen'c  one  year),  William  H.  Wahl. 

1W< murcr  {to  serve  one  year),  Sjinuiel  S;irtain, 

MdiKK/iTit  (to  serve  for  three  y»':irs),  Washington  Jones;  Plinv  K. 
Chaee;  .loseph  M.  Wilson;  Coleman  Sellers;  Theo.  I>.  Itmd  ;  .\ .  \.. 
( )uterltridge,  .Ir. ;   Isiae  Xt>rris,  M.  I).;  ('.  ('hal>ot. 

MiUKKjcr  (for  one  year  in  place  .if  Wm.  \'.  ^^(•K••;ltl,  rcsignetl), 
Chas.  J.  Shain. 

Auditor  (to  serve  thive  yeai-s),  I.i«'\\i>  S.  Ware. 

lirj/rfsnUadn'  in  Uw  Paiintifivunid  MuMt'uin  anti  S^'hool  of  ImluMrial 
Art  (toservc  one  year),  William  H,  Wahl. 

.\  \(»te  of  thanks  to  the  Tillers  was  unanimouslv  p!tst<o<i. 

'I'he  Srretary's  lve|M»rt  eml»nw"e<l  a  remnnruf  progress  in  Si-ientv  ami 
Industry  for  the  ymr  IHS.l,  pul>lislu«d  els4'when'  in  the  Jouknai  :  and 
a  iles<>ription  of  the  following  niechanie:il  inventions,  vix.: 

An  improviHl  Ii<K*om(»tive  II«>:ullight,  of  I*ost  *V:  Co..  (  iu' iiiuati, 
in  which  the  fn»nt  glass  is  convex  and  prt>vide«l  with  hingi>tl  trans- 
parent color  signals,  which,  owing  to  the  convexity  of  the  front  glass, 
i-an  Ih'  stvn  from  front,  side  or  rear.  The  retUrttir  Ls  so  pivote«l  as  to 
jM-rmit  its  U'ing  turn<il  through  IM)  \  s«»  that  the  lamp  i-an  be  lighted 
iVom  the  side  dtH»r  instead  of  o|>oiiiiig  the  front  of  the  case.  There  is 
also  a  ct)nvenient  match-striker.     The  lamp  reservoir  is  removable  for 
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filling,  as  ill  the  "St.  Germain"  (generally  miscalled  "German") 
student's  lamp. 

A  Rail  Joint,  shown  on  behalf  of  W.  F.  Gould,  of  Des  Moines, 
Iowa,  and  consisting  of  a  base  piece  which  rests  under  the  flange,  and 
on  one  side  follows  round  it,  and  up  the  web.  It  is  held  laterally  by 
one  or  more  two-part  clamps  passing  under  and  around  the  base  piece, 
and  holding  all  firmly  together  by  a  single  bolt  and  nut.  This  joint 
can  be  used  to  splice  broisen  rails,  and  requires  no  drilling  of  the  rail. 
For  a  suspension  joint,  the  chair  is  used  with  one  clamp ;  and  for  a  tie- 
joint,  the  chair  and  two  clamps. 

William  Briscoe's  plan  for  removing  snow  from  streets,  consisting  of 
the  usual  sweeper-car,  in  conjunction  with  an  endless  elevator,  for  con- 
veying the  snow  into  a  furnace,  heated  by  a  hot  blast,  in  which  it  is  to 
be  melted,  and  from  which  it  is  allowed  to  run  out  at  convenient 
intervals. 

Lindsey  Rossiter's  Improvement  in  Car  and  Vehicle  Axle  Boxes,  a 
description  of  which  would  not  be  intelligible  without  illustrations. 

Mr.  S.  Lloyd  AViegand  thereupon  read  a  paper  on  "Cast  Iron  in 
Steam  Boilers,"  which  will  appear  in  the  Journal.  It  was  discussed 
by  Messrs.  W.  B,  LeVan,  N.  B.  Williames,  Wm.  Helme  and  the 
author. 

The  consideration  of  the  subject  of  the  proposed  "  Ordinance  for  the 
Examination  of  Steam  Engineers  "  was  then  taken  up.  The  majority 
and  minority  reports,  and  the  amended  form  of  ordinance  presented  as 
a  portion  of  the  latter  appear  elsewhere  in  the  Journal.  The  subject 
was  very  freely  discussed  by  Messrs.  Wm.  Helme,  H.  Orr,  J.  W. 
Nystrom,  Wm.  B.  LeVan,  Washington  Jones,  G.  M.  Eldridge,  and 
Wm.  B.  Cooper ;  and  on  motion  of  the  last  named,  seconded  by  Mr. 
G.  M.  Eldridge,  both  reports  were  laid  on  the  table. 

Under  New  Business,  Mr.  Wiegand  offered  the  following: 

Resolved,  That  the  Committee  on  Science  and  the  Arts,  be  requested  to 
ascertain  and  report  the  properties  and  strength  of  cast  iron,  as  a  material 
for  the  construction  of  boiler-heads  and  other  vessels  for  retaining  fluid 
under  pressure,  together  with  such  rules  for  estimating  the  strength  and 
proportioning  of  such  structures,  in  the  different  forms  now  in  use,  with 
economy  and  safety,  and  also  the  proper  modes  of  testing  and  using  such 
structures,  as  will  be  useful  to  those  practically  engaged  in  the  manufacture 
and  use  thereof. 

The  resolution  was  carried. 

Adjourned. 

William  H.  Wahl,  Secretary. 
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[Delivered  at  the  opening  itf  tUr  fourM*  of  Iroiurr*  un  M<>rhi»nic«.  Fri<lA>'.  Novemiter 
V.  lHK;t.     H<'\  Im-d  from  rfp<>rt  of  l'tioii<>Krn|>lipr. ! 

l>Ai)ii;s  AM)  (JKNTLKMEN  :— The  nnlvr  ot"  kx-tim-s  that  has  Uvn 
annouiKxtl  for  the  Meitson  <»f  1883-18.S4.  t-alls  for  mif  l>y  me,  not«l  as 
"  lutrmhietory  on  M(vhani«s,"  nither  un  indefinite  title  I  a«lnut,  hut 
I  do  not  want  yoti  to  i'.\|MNt  a  formal  hvtnre  on  Mei*hani«"s  :  I  desire 
to  s|Hiik  in  tlu*  fir»t  phu-e  aJMiut  tin-  Kitun-  (XjiirM>  anti  aUxit  rn«thiBl< 
of  in.Htrurtion.  Ilear  in  mind  |>l«i«<',  that  alxmt  sixty  years  have  |)a*s>^<il 
sinee  the  first  httiire  wils  «It>liven><I  Ufore  the  Kninklin  In>titut4-.  It 
\V!is  on  the  'JSth  of  April,  IS'JJ.  At  that  time  our  Institute  had  no 
ahidin^  plncv.  Throuph  the  j'ourtwy  of  the  Tru«twj*  of  the  I'niver- 
sity  of  I'emisylvania,  the  oM  atnidfiny  on  south  F«»urth  stre«t  was 
loantil  to  the  Institute  and  many  of  its  kvturej*  were  deliven-d  there. 
The  first  course  wiis  u  serit-s  on  M(vlmni<<s.  Natund  lMiil<»M»phy  and 
Chemistry-,  ami  An-hitt^-tuPL',  it  was  attemled  mainly  by  memlten*.  Hons 
of  memixTsand  appn-ntiees  whoilesir«tl  information  that  »x>ul«I  not  U^ 
ohtaineil  at  that  time  in  the  puhlie  s<-h«Nil.  To  tlu^*  (>«rlv  htiures  no 
W(»men  were  admittiii.  It  wjus  not  until  the  f»eoond  coun«e,  when  Iw>- 
tiiri's  on  Natunil  IIi>tory  wt-re  atldeil  to  the  list,  I  pn-snm«>  l>v  Dr. 
(nKJman,  that  w«»men  wen'  admilt«'d  to  thes*-  U««iun"s  on  Natund  Hi— 
tory  ;  and  fnun  that  time  to  the  pres««nt  nearly  all  kvturw  have  beeo 
honoreil  hy  their  pn-HMiev,      It  is  verk-  ploiLsant  to  think  that  *i  manv 
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of  tliem  desire  the  kind  of   instruction  that  has  been  given  in  this 
place. 

If  we  consider  what  was  the  state  of  the  Arts  at  the  time  the  Frank- 
lin Institute  was  organized,  and  what  the  state  of  the  Arts  now  is,  we 
can  form  a  better  idea  of  what  lecture  courses  were  best  adapted 
to  the  wants  of  tlie  members  in  those  days,  and  what  is  expected  of 
the  lectures  of  the  present  day. 

In  business,  we  may  measure  the  success  of  mechanical  enterprise  by 
the  success  of  the  railroads.  When  railroads  are  doing  a  paying  busi- 
ness the  mechanic  arts  are  prosperous.  I  think  it  may  be  very  well  to 
take  the  railroad  as  the  standard  of  the  progress  of  the  United  States 
during  thesixty  years  that  have  elapsed  since  the  first  Franklin  Institute 
lecture  was  delivered.  Let  us  glance  backwards  to  the  condition  of  the 
railroads  sixty  years  ago.  It  was  in  1824  George  Stevenson  one  of 
many  active  workers  in  the  same  direction,  began  his  earnest  work  to 
induce  the  people  of  England  to  build  the  Liverpool  and  Manchester 
Railroad.  In  1825  he  was  laughed  at  for  his  wild  scheme.  We  can 
find  in  books  in  some  libraries  an  account  of  the  bubbles  talked  of  in 
1825,  among  which  was  a  contemplated  railroad  from  Liverpool  to 
Manchester.  The  term  locomotive  as  the  name  is  now  applied  to  a 
machine  was  not  then  invented.  It  was  not  until  1829,  within  the 
lifetime  of  many  who  are  now  present,  that  the  first  railroad  for  freight 
and  passengers  operated  by  steam  was  opened.  Before  that  time, 
Oliver  Evans,  in  1804,  it  is  true,  carried  through  the  streets  of  Phila- 
delphia, a  dredging  scow  and  propelled  it  on  land  and  water  by  steam. 
Oliver  Evans  died  in  1819.  And  Hedley  had  proposed  smooth  wheels 
on  a  rail  in  1813. 

Oliver  Evans  said  the  time  would  come  when  Ave  would  start  from 
Washington,  breakfast  in  Baltimore,  dine  in  Philadelphia,  and  sup  at 
New  York,  and  attain  a  speed  of  forty-five  miles  an  hour,  as  fast  as  the 
"  S|)eed  a  bird  flies.'^  In  1824  the  world  was  not  ready  for  steam  on 
railroads.  In  1825  they  laughed  at  the  proposition  of  traveling 
fifteen  miles  an  hour.  They  insisted  that  the  trains  be  slowed  down 
so  as  not  to  interfere  with  the  stage  coaches,  and  so  destroy  an  active 
industry.  From  that  time  to  the  present,  what  has  been  done? 
Our  continent  is  crossed  from  ocean  to  ocean  by  this  iron  rail,  and 
the  railroads  of  the  present  represent  a  vast  accumulation  of  con- 
crete thought.  They  may,  in  the  gambling  saloons  of  Wall  street, 
represent   only   stock    value,   and   there   are    jjeople    who   think    of 
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tliciii  only  an  of*  the  ninouiit  <»f  money  ttuH'  rfpn-»«<'nt  in  the  titoi-k 
^ninl>Iinj^.  To  th<HO  who  an-  a«««'tnhh-<l  hen-,  in  th**  Fninklin  In^^ti- 
tiiir  to  hcjir  n  K-i-tun-  on  .\If«  )iani«?*,  thi'  raiinMi<i»  art*  the  milixli- 
nient  of  thought,  of  mental  eOort  ulmmt  too  f^mit  for  mind  to  ^nutp. 
S*t:  the  I'eniisylvania  Kailr<ta<I  we  an-  all  !-*>  proiitl  of,  an<l  tli' 
that  eliminate  .npaee  in  HjMiilin;;  t»ueh  rieh  freight  uen»»«»*  tin-  • 
we  may  nay,  t'ntui  the  Atlantic  in  the  I'aeitie.  An  the  railroad  wa*  in 
IH'JI  iLH  eompare*!  to  the  raiiruail  in  I  MM,;,  •*«» -were  the  intelletinal 
neetls  ot  the  meelianicH  eum|uire<l  to  hi.»  retpiirementi*  ttwhiv.  When 
the  Franklin  Institute  wiim  toiiiule<l  it  was  intendeil  that  it  •«houl<l  Im*  a 
M'h'M)!  for  the  mtN-hanie,  who  de>4in'<l  in.Htriietion  which  eould  not  lie 
olitaine<i  in  the  pul>li«-  Mh«K*lh.  Kvery  effort  wa.H  made  to  inijKirt  the 
inKtru<-tion  nniic*!  in  the  lN»t  and  surest  manner — loiinn?*  and  -(M-tial 
hcIkmiI.m  did  this. 

The  M^-fhanical  Kii)>Mn«'«T,  must  not  only  \m'  a  pliVHirist  in  the 
l»n»a<li'st  sen-He  of  the  won!,  hut  there  is  wrarcely  any  limit  to  the 
knowledge  lie  must  hring  to  his  use,  sooner  or  later,  in  his  life  work. 
Some  one  .nays  that  the  enj^itiM-r  must  understand  matter  and  apjilv 
<*ommon  sense  to  itM  u«»e,  to  thi^  add  a  eh-ar  kni>wled^e  nf  the  law-* 
that  govern  matti-r  in  motion.  The  j-arly  eours*-  of  hTtun>.  Ufiir^* 
the  Franklin  Institute  were  of  an  i-lementary  <haraeter.  Thev  w«re 
flic  he.st  for  the  pur|M>se  and  could  niJt  he  ohtaimil  at  an\       '  '       ' 

What  hiLs  Im'^'U  the  ri'jiull  of  the  work  of  the  Institute?  <. 
jicople  have  U-gun  t«»  retx>gnize  the  neeil  «»f  giving  industrial  etluttition 
given  in  the  puhlic  fMlHMiIs.  You  must  l»ear  in  mind  the  Hi^h  Sh.i..| 
of  I*hila<lclphia  is  the  din't't  outgr«»wth  of  the  Franklin  Institute.  At 
the  pn's«'nt  time  it  should  be  {Miss^ible  for  the  elementary  informnti'm, 
formeily  given  only  by  the  Institute,  to  \tv  obtained  free  in  the  public 
.scluKiU.  At  the  Miuje  time,  there  is  niison  why  our  hvtun-s  should 
still  Ik?  delivi're«l. 

The  ehtss  «»f  kvturen  that  may  now  do  the  mo(»t  jpyod  are,  perhnpH, 
not  elementary  or  primary  in  chanicter.  I^i'turvs  muM  entertain  .ninl 
instnut  and  suggest  line>  of  thought  and  impiiry.  In  laving  ..ut  the 
pres4'nt  cxiuix*,  .several  important  element!*  have  Iteen  c^msiderwl ;  in 
the  f\r^t  place,  many  U-lieve  it  is  |MiK»ibl<>  to  have  taught  in  tlu*  public 
.Mh<M»ls  the  underlying  prin«-iphrs  nf  manual  lal»or.  I  <h»  nuisi  ortaudv 
think  tlie  use  of  tools,  m  neetiful  in  the  tnido«,  vnn  be  taught  with- 
out teaching  any  tnuh-s.  The  u.>h»  of  Um}U  nuiy  be  very  judieioiL*Iy 
iiilnxlucxil  in  tlie  course  of  studv. 
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In  the  early  histoiy  of  our  country  the  work-shops  were  not  very 
far  removed  from  the  schools.  It  was  almost  impossible  for  a  young 
man  to  attend  school  from  one  year's  end  to  another.  He  had  to  work 
in  the  shops,  on  the  farm,  and  attend  school  but  part  of  the  time  and 
what  was  the  result  of  such  training  ?  Good  solid  men  live  yet  to  attest 
its  merit.  What  is  the  result  of  the  later  system  of  training  of  the  public 
schools  ?  The  students  are  separated  entirely  from  manual  labor  and 
their  heads  only  trained,  they  get  what  makes  them  traders,  doctors, 
lawyers ;  certainly  not  mechanics.  Little  is  given  to  the  students  of 
the  public  schools  below  the  high  school,  that  will  enable  them  to 
enter  the  work-shops,  with  the  ready  means  of  applying  their  school 
knowledge  to  practice.  There  is  a  very  simple  reason  for  this ;  the 
teachers  are  not  mechanics;  they  are  not  expected  to  be;  the  scholars 
can  more  easily  learn  those  things  that  relate  to  buying  and  selling 
than  what  relates  to  mechanical  arts.  It  may  seem  very  easy  to  apply 
the  methods  and  rules  learned  at  school  to  the  practice  of  the  machine 
shops ;  but  you  must  bear  in  mind  the  instruction  given  in  the  public 
schools  is  only  on  the  plane  of  the  teacher  or  the  writers  of  the  books 
used  in  the  schools.  Teachers  in  the  public  schools  should  understand 
the  principles  of  mechanics.  The  same  rule  of  three,  illustrated  by 
examples  pertaining  to  trade,  is  used  by  the  mechanic  in  determining 
the  speed  of  machines  and  calculating  the  size  of  pulleys  to  drive 
the  machines — but  the  boy  is  not  given  examples  in  the  direction  of 
mechanics. 

The  examples  prepared  for  the  scholars  have  little  or  no  reference 
to  the  uses  of  the  mechanic.  In  the  limited  time  of  a  lecture,  it  is 
impossible  to  present  the  full  argument  in  favor  of  handicraft  instruc- 
tion. I  have  said  some  of  the  mechanical  operations  may  advanta- 
geously be  taught  in  the  schools.  A  rest  from  the  head-labor  and 
the  education  of  the  hands  will  make  the  brain  stronger ;  as  an  experi- 
ment in  the  direction  of  teaching  the  use  of  tools  without  teaching 
trades,  Mr.  Joshua  Rose  has  been  selected  to  deliver  a  course,  begin- 
ning on  the  16th  of  November.  Mr.  Rose  is  a  very  skillful  English 
machinist  who  came  to  this  country  some  years  ago  and  has  of  late 
been  writing  many  interesting  papers  in  the  scientific  journals  on 
mechanical  manipulation  ;  he  does  know  how  to  use  these  tools. 

Immediately  after  Mr.  Rose  has  finished  his  course.  Prof.  A.  J. 
Parker  will  deliver  a  course  of  lectures  on  Vital  Dynamics,  or  the 
Laws  of  Mechanics,  as  applied  to  walking,  running  and  swimming. 


Miinh.    1HH4.] 


Mechnnicit.  I'io 


(;n:if  interest  ceritn-s  in  what  relatJ-H  to  the  human  frame,  the  animal 
frame  and  the  laws  that  j^overn  thrir  motion,  antl  m«Hl«'rn  fi<ienee  has 
thrown  mneh  lij^'hl  ii|»on  this  snl*)*-*!. 

It  hiL«<  bei'ii  thoni^ht  Ix'^t  to  l»rin)^  >tm\t'  of  the  inten-stinj;  novel- 
ties in  mj-ehanir  arts  Ix-fori-  the  In.stitnte  in  th»-  lecture  eoun«. 
One  hnineh  of  the  me<'hani«-.il  art.s,  hoiler-makin^,  has  in  Kn^'laml 
and  the  Continent  re<'eive<l  a  j^rejit  (hid  «»f  attention  hy  enjrinj-ers. 
llvdraidie  |>ower  ha.s  taken  the  place  of  nmnnal  jxiwer  and  the  rivet- 
ing; of  hoilers  and  ship  plates  is  larj^dy  d<me  hy  ma<'hiner\'  in  place 
of  hand  work.  In  ordir  to  have  this  hron^dit  U'fore  the  Kranklin 
luMtitnte  we  have  askc*!  Mr.  .lanus  IMatt,  who  is  familiar  with  the 
Huhject  and  is  now  vi-itin^'  this  country,  t«»  ^ivc  a  lei-tun*  whi«h 
will  Ix'  delivered  on  the  fourth  \\'«ilnes4lay  of  this  month.  I.4iter, 
Mr.  Ilenrv  K.  Towne,  (tf  Stamford,  C'oiui.,  son  of  t1»e  late  Mr.  .John 
H.  Towne,  the  foun<ler  of  the  Towne  Scientific  School  of  the  I'niver- 
Hitv  of  Pennsvlvania,  will  deliver  a  Iwture  on  ('nine  (Vmstnict ion. 
The  reason  for  this  suhjcct  U^in;;  s<'lecte<l  is,  that  what  temls  t4)  aid  the 
readv  handlin;;  of'  menhandise  ami  hejivy  wciijht.-,  as  in  the  ttrminal 
facilitiis  of  railroads,  nierit.s  careful  attention.  It  was  thought  advis- 
al)le  to  rr(pu*st  ot'  him  this  le«'ture  so  as  to  present  the  latJ-st  «levelop- 
ment  of'  (hat  industrv  in  .Aiiurici.  and  as  suj^estive  of  the  more 
exteiidMl  use  of  power  crane*. 

Twii  ItH'tures  will  Im"  ;riven  l»v  .Mr.  (i«^tri;e  ^^.  lioiid,  <>t  llartl'oni, 
Conn,  lie  is  connettinl  with  the  wcll-kmtwn  I'ratt  tV  \N  hitney  Com- 
panv,  and  has  charge  of  .some  novel  mejisuriuj;  machinery  |MTfecteti  hy 
thetu.  There  was  a  time  when  the  two-f»>ot  rule, rudely  matle,  answerwl 
the  njeehanic's  purposjs.  There  is  a  .sjiyin^  in  (Jermany  that  every 
hair  in  a  esirpenter's  head  is  one-eighth  of  an  inch  in  diameter: 
nuanin^,  that  a  carj>enter  dtx's  not  r^piin'  cl«>s«'r  mejtsun*ments  than 
om'-ei^hth  of  an  inch,  not  nearly  so  tine  me:i>iun'ments  as  a  machin- 
ist does,  l)e«'ause  he  fits  the  joints  to  jdan.  The  terms  "  full  "  or  a 
"  little  full  .s«-ant  "  indicate*!  variations  fn»m  exact  sxtjo,  hut  u  little 
while  a^o ;  a  vast  chanj^  in  rejrjinl  to  acnirncy  of  me:isnrement 
hits  now  (time  over  the  whole  mechanical  industrk'.  Now  there  is 
an  attempt  with  almost  all  machinists  to  make  machinerk*  inter- 
changeable in  its  parts.  One  hranch,  h«»wever,  nuiy  nee«l  only  »xiors«' 
mejisunMuents  while  tUhers  \\v<\\  the  mot^t  minute  nii'asurements  and 
accuracv.  The  onlinary  two-toot  rule  nmy  answer  tor  numy  purpOM-s 
ami  \h'  verv  convenient,  hut   its  u.se  is  liniiteil.    We  have  little  device* 
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given  to  us  for  use  in  the  work-shop  which  give  a  ready  measurement 
as  fine  as  the  one-thousandth  part  of  an  inch,  (showing  one  of  the 
screw  caliper  gauges  made  by  the  Victor  Manufacturing  Company.) 
This  gauge  is  graduated,  each  division  representing  the  one-thousandth 
part  of  an  inch.  Any  substance  placed  between  the  two  points  of 
contact  in  tliis  gauge,  and  the  gauge  close<l  upon  it,  can  be  measured  to 
the  one-thousandth  part  of  an  inch.  (Then  showing  a  somewhat  similar 
instrument  made  by  Heilmann,  Ducommunn  and  Steinlen,  at  Mulhouse, 
Germauy.)  Here  is  an  instrument  made,  not  purposely  to  measure, 
but  rather  to  show  the  perfection  which  certain  machine  tools  have 
reached  in  doing  certain  kinds  of  work.  It  holds  between  the  contact 
pieces  five  cubes,  each  one  being  twenty  millimetres  square  ;  these 
cubes  have  not  been  touched  by  the  hand  of  a  workman  with  a  file ; 
they  are  machine  made  to  size  only.  Five  of  these  cubes  placed  in  a 
row  measure  one  hundred  millimetres  in  length.  The  screw  in  this 
instrument  is  one  of  the  few  examples  in  the  country  of  a  screw  cut 
to  the  millimetre  pitch.  The  circumference  of  the  collar  which  sur- 
rounds the  screw  is  divided  into  one-hundred  parts,  while  in  the  case 
of  the  American  instrument,  you  read  to  the  one-thousandth  part  of 
an  inch,  here  you  read  to  the  one-hundredth  part  of  a  millimetre,  say 
to  about  Yzwo  ^^  ^°  inch. 

Mr.  Bond  is  connected  with  an  establishment  making  gauges  of 
various  kinds,  and  they  have  perfected  a  machine,  the  Rogers  and  Bond 
Comparator,  which  reads  sizes  more  closely  and  which  can  compare 
sizes  more  closely  than  anything  heretofore  proposed.  He  will  deliver 
a  second  lectun;  on  Standards  of  Length  as  applied  to  Gauge  Dimen- 
sions. 

For  one  night  the  subject  is  yet  unannounced,  this  it  is  expected 
will  be  well  selected.  These  are  the  lectures  which  are  to  form  the 
Course  on  Mechanics.* 

As  to  the  utility  of  lectures,  as  compared  with  books  on  the  same 
subject,  I  desire  to  say  a  few  \tords.  When  I  speak  to  you  in  the 
lecture  room,  if  you  do  not  hear  or  do  not  understand,  or  if  I  make 
a  verbal  mistake,  the  result  is  you  draw  wrong  conclusions.  If  I  sit 
down  and  deliberately  write  my  thoughts  and  publish  them  for  you 
to  read  at  your  leisure,  you  will  receive  your  information  better  and 

*  The  unannounced  lecture  was  delivered  by  Mr.  Coleman  Sellers,  Jr., 
February  8  ;  the  subject  being  Mechanical  Drawing— Free-hand  drawing 
as  applied  to  mechanics  was  illustrated. 
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more  thoroiij^hly  tlinn  in  a  It-f'tiirc  nxuii  ;  s<»  tliinkiii;;  men  jireftT  to 
n'lul  lectiirc.'H,  not  t«i  Irnir  tlicrn. 

TIh'  IfftunT  fjiiU  in  :w  iniifli  :i>  Im*  may  make  miotakes  in  lii.H 
Iwtiire — mist«ke4  in  w»»r«l>^.  Tlie  lieanrs  may  mi»un(ler>lanii  him, 
tln'ir  attention  may  Im-  <li>.tnu-tc<l  l»y  •44.iii«-tliin^  pIm^-  ^oin;;  on  in 
the  pKHM,  aiwl  when  they  hrin^'  their  thoiijr||t.,  Iwu-k  a^nin  to  the  l4'«-tnrer 
they  nwiy  have  forgotten  a  h«km1  part  what  prwttlwl  and  it  cannot  U? 
re<'Jine<l.  r  one<'  li>>tene«i  to  a  hn'tiin*  on  thf  S|M'<'tr«»^'0|)e,  nm-  of  th<* 
Iwst  h-ttnn-s  1  ever  heani  The  le«*tun'r,  a  nu»>t  ahh'  .«*<-i«nti«t,  «h-serilK-<f 
in  the  iiitnMhietion  to  his  h-trttire  n  simph'  form  of  sixH'tnMNipe,  telling 
how  two  cheap  spy  ghLss*-**  c«»mhine«l  with  a  nimply  fornutl  prifm  cx>uKl 
Ix'  united  to  form  an  eftW-tive  working  siHM-trow-ojM'.  Then  he  <ihowe<l 
more  p<'rfe<'t  instruments  <»f  the  kind,  explaining  how  thev  were  iuhiI. 
Fitjally  he  tohl  of  wh;it  wonderful  dis<'overi«'s  ma<le  l»y  means  of  the 
spe«'troseopr,  witiiling  up  with  the  asM-rtion  that  i»v  m«-:ins  of  this  sim- 
plf  instnitu<  lit  we  are  <'nat»l<d  to  resuh  out  towanl-i  the  stars  of  the 
h<:i\tii^  and,  gntsping  th<iii  with  the  hand^  of  wienc**,  to  analyze  them 
as  readily  as  we  c:m  the  sm<ls  g;ithen-<l  on  our  «H-.f*hon-. 

The  lecturer  satistie«l  me  as  he  did  manv  more  who  heanl  him,  imt 
a  very  hright  and  skille<i  machinist  cjime  to  me  the  next  dav  to  a-k 
how  to  make  a  s|XH'trosoo|)e — explaining  that  his  intere?*!  in  tin*  in»tru- 
ment  was  excited  oidy  when  he  lezirn*'*!  what  it  woidd  <lo  — and.as  thi.n 
knowle<|gc  came  after  the  des<Tiption  of  it,  he  could  not  rendl  what 
had  Ix-iMi  uninten>sting  in  the  U'ginning.  Had  the  Kvturer  told  what 
the  s|»eftro«.ci»p<'  enahleil  us  to  do  and  shown  how  if  was  um"«I,  and 
afterwards  told  how  it  c«»uld  .m»  ctisily  lie  made,  a  l)etter  result  woidd 
have  followed  so  far  as  the  teaching  power  of  the  lecture  w  c«>ncenieil. 
The  sjime  le<'tun^,  however,  puhli-luil  windd  l>e  in  pro|K'r  s<>«pien«v  as 
dclivi'H'd  for,  in  a  IxMjk,  one  c:in  go  over  an«l  ovt-r  again  the  p<»ints 
needing  most  thought  or  refer  hack  for  what  has  (>i4-;i|M><|  attentioit  at 
the  first  n^iding. 

It  is  |H»s.sil»h>  at  the  pn-Miil  tum'.  with  llu-  alMni<i;iii' •  «'t  ihn.k-  at 
our  command,  tor  all  who  <h».ire  to  stu«lv  the  nje«"hanic  arts,  to  do  <»o 
U'tter  from  lM>«»ks  than  fmm  woixls  •>|>oken  in  the  lei'tun*  nxmi.  I 
have  here  a  l»ook  I  advis*-  all  young  in«n  to  pui^0)a.s4>  or  to  git  l*n»ni 
the  lilirary  and  read — **  Kx|HM*imental  .MM-hani<'s."  hy  Prof  Il:dl.  i-  the 
title  of  it.  Thos««  le«iures  wen*  delivereti  in  Indand  and  an*  mmicli* 
of  clnirm^s.      The  pictuns  in  this  Ix^tk  take  tin-  phuv  of  ex|x'riment. 

The  excuse  for  nientific  h<ctun"s  is  that  we  an*  able  to  show  ex|¥Ti- 
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ments  and  enable  people  to  see  what  cannot  be  understood  in  descrip- 
tions. Good  illustrations  go  a  long  way  towards  making  the  book 
better  than  the  lecture.  A  single  sketch  will  tell  me  a  great  deal  more 
than  many  pages  of  printed  matter  will  do.  In  this  work  of  Prof. 
Ball's,  the  student  is  carried  through  many  of  the  laws  that  are  neces- 
sary for  the  mechanic  to  understand,  that  he  must  understand,  that 
are  absolutely  necessary  for  him  to  really  know. 

Prof.  Ball,  during  this  course  of  lectures,  delivered  one  full  of  inte- 
rest on  what  is  known  as  Weston's  Differential  Pulley  Block  or  Hoist. 
I  have  one  of  them  here  this  evening  and,  while  I  cannot  devote  to 
its  explanation  as  much  time  as  Prof.  Ball  did,  I  want  to  make  it 
useful  as  an  illustration  of  the  care  that  must  be  exercised  in  drawing- 
conclusion  from  experiment.  A  strong  point  in  Prof.  Ball's  course  of 
lectures  is  the  clear  and  precise  manner  in  which  he  explains  the  sub- 
ject he  has  under  consideration,  and  the  lecture  on  the  Differential 
Pulley  Block  is  a  fitting  sequel  to  those  preceding  it,  which  carried  the 
student  step  by  step  through  the  laws  of  mechanics  that  must  be  known 
to  enable  one  to  fully  understand  the  operation  of  this  simple  machine 
for  hoisting. 

I  cannot  go  over  the  same  ground,  but  I  can  in  a  few  words  explain 
what  is  meant  by  velocity  ratio  and  its  relation  to  power  actually  trans- 
mitted through  or  by  a  machine.  Every  boy  learns  early  in  life  that 
if  he  wants  to  ride  see-saw  with  a  companion  who  weighs  as  much  as 
he  does,  that  a  board  balanced  over  a  fpnce  rail  will  be  ready  to  take 
boys  of  equal  weight  on  its  ends,  and  that  each  will  ride  through  an 
equal  arc,  or  that  each  one  will  ride  as  high  as  the  other.  If,  however, 
one  boy  is  heavier  than  the  other,  he  soon  learns  that  the  board  must 
be  readjusted  to  the  conditions  of  weight,  and  that  the  heavy  boy  will 
not  only  be  nearer  the  fence  but  will  not  rise  so  high  as  the  one  who  is 
farther  from  the  fence  on  the  long  end  of  the  board.  If  one  boy 
weighs  just  twice  as  much  as  the  other,  the  distance  of  the  heavy  boy 
from  the  fence  will  be  just  half  the  distance  that  the  lighter  one  is 
from  the  fence  on  the  other  side.  In  the  see-saw  ride  the  heavy  boy 
will  rise  and  fall  just  half  the  distance  that  the  lighter  one  does,  and 
he  will  travel  through  the  air  in  rising  and  falling  at  just  half  the 
speed  of  the  lighter  one.  The  velocity  ratio  of  the  two  will  be  as  two 
is  to  one. 

The  governing  law  in  this  case  covers  all  kinds  of  levers  and  all 
mechanical  motions.  If  one  part  of  a  hoisting  machine  of  any  kind 
to  which  the  power  is  applied  travels  through  a  distance  which  is 
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foiitnl  to  Jx-  a  nTtaiii  niiinJxT  of  tiiii«*^  tin-  ilintaiui'  tliroiijjii  wliii-li  the 
load  liftJHl  tnivt'ln  in  tin-  Hutin-  tinn*,  that  niiriiU'r  exim-^***-?*  th«' v<'l««'ity 
nitio  whirh  hoUlw  in  that  tiv*\  If,  in  the  fiwe  of  an  r»nlinan-  l»N»rk 
an«l  fall,  flu-  t*>\^-  inilh-*!  to  nii.-M*  th*'  Wfi^ht  n-rjiiirw*  say  fivp  f^t  to  Ijo 
ovt*rhaul<*<l  t<»  rai"««-  th«'  wri^ht  on*-  f<K>t,  th«'n  tlM-  v«*lo<*ity  rati"  \n  five 
to  <»rM'.  If  it  waH  not  for  frirtion,  velix'ity  ratio  an<l  |w»w«'r  ratio 
wruiM  Im'  tin*  sjitiH*.  'riiM"*.  if  it  n^jnin-s  fiv<'  f«*«"l  of  n»p«*  to  l«-  «»v«  r- 
liaulf<i  t<»  nii-M.'  a  weight  onr  f«M)t,  th«'n  on**  |»<njn<l.a|»plic"«|  to  th«'  h<'i-i- 
inj?  ropt?  HJiouhl  raiH4'  the  weight  of  five  |M»nn<i.*i ;  hut  it  will  n«if  «lo  it. 
riic  friction  of  the  nunhine  of  the  pulh-yH  an<l  the  fri<iion  of  the 
hendinj;  n»|M' — tln'  |x»\ver  it  tak«?*  to  lM»nd  the  rupc*  ih**?**?  au<t  uther 
nmttiTK  diminish  tlir  |Mi\ver  ol)tiiine<l  from  any  piven  for^e,  an«l  the 
tlie<»n*ti<"jd  |M>wer  re<juire«l  to  hoixt  the  ^iven  hwid  divid«il  l»y  thea«iual 
power  eoniew  to  Ix*  ejdle<l  the  effirirnev  ftf  the  machin*'.  If,  t'<»r  ♦•\an>- 
j»l«',  in  the  ejiw  <»f  tin*  hoif*tinjr  devic«>  of  five  to  one  velm'ity  ratio,  it 
is*  found  that  it  n-fpiin-s  two  pounds  pan^in^  through  a  n\v\c*'  of  five 
fi-^'t  to  rai«M'  five  |>ound.s  one  f«M)t  hij:h,  in  plae*'  of  om-  jxtuiul  m<>vini; 
the  sime  <iistan«'<-  tn  do  tin-  same  >Nork,  thm  whih*  tin-  v«-l<»<  it\  r.iti<» 
is  five  to  one  the  efli<'ien<y  of  the  niaehine  i?*  only  on«- 
half,  and  fifty  jmt  rent,  of  tin*  |M>w«r  ha<*  lH«<'n  lo^t  in 
friction.  Friction  tini"*  stanti-  in  our  way,  aiul  in  •Mime 
niMcs  it  stands  verk'  nuK-h  in  the  way.  It  stands  rij;ht 
fwpiare  in  tin*  wjiy  of  all  who  try  to  niak«'  |M*r|ietnal 
motion  machini"?*.  Friction  is  not,  however,  always 
ohji-^'tionahle,  it  is  in  many  nts4^  tin*  thin^r  ««»n>;ht  for. 
We  .se<»k  to  diminish  fri<"tion  hy  many  nmin-  when  wc 
do  not  want  it.  w»'s«>«'k  to  incnnis4>  it  when  it  is  an  advan- 
V.x^v  t«)  us.  The  l<Mt»motive,  that  thunder.  acn»v«  the 
continent  with  its  w«-.dth  of  life  or  fn-ijiht,  hiton  the 
st«>il  mil  on  which  it  tnivels  with  the  tit-th  of  fri«'tion. 
It  in  t'rici ion  and  only  friction  that  hold^  it  tothe  .snxMith 
mil.  It  may  nipiin'  teji  t«>ns  to  e»us«>a  fifty-ton  engine  i 
to  slip  with  it.s  hM>k<<«I  wh«'«'ls  on  a  Hmo«tih  mil ;  if  so,  C 
then  the  fil)y-ton  engine  has  nearly  ten  tons  of  |v»wrr 
in  its  pull  on  the  tmiu  that  it  hauls  alon^  the  ^moo|h 
mil  of  the  n«id. 

The  We>ton  difTerential  pulley  hhwk  I  n«»w  «.how 
you  has  a  htad  on  it  of  one  hundnti  |MMinds  nn«l  the 
vcliM'itv  mtio  of  the  ma<*hine  is  si.\t«vn  to  one.     That  is 
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to  say,  to  raise  the  load  one  foot  I  must  overhaul  sixteen  feet  of  the 
loop  which  serves  as  a  hoisting  loop.  I  pull  sixteen  feet  of  chain 
over  the  sheaves  to  hoist  the  load  one  foot.  If  friction  did  not  pre- 
vent I  should  hoist  the  load  of  100  pounds  with  a  force  equal  to 
one-sixteenth  of  the  100  pounds,  that  is,  with  six  and  one-quarter 
pounds,  but  I  will  now  apply  a  spring-balance  to  the  hoisting 
rope  and  measure  in  that  manner  the  force  that  must  be  exerted  to 
lift  100  pounds.  I  am  now  exerting  a  pull  of  22  pounds  and  the 
load  has  not  started,  but  when  in  motion  it  seems  to  require  a  pull  of 
about  twenty  pounds  to  keep  up  the  motion.  If  now  we  divide  the 
theoretical  power  required  to  hoist  by  the  actual  power  required,  that 
is  to  say,  if  we  divide  6*25  by  20  it  will  be  seen  that  the  efiiciency  of 
the  machine  is  '31  per  cent,  and  there  is  therefore  a  loss  in  friction  of  69 
per  cent.  While  this  loss  seems  great  it  has  its  compensating  advantages, 
for  you  will  observe  there  is  no  tendency  for  the  load  to  overhaul 
when  I  no  longer  pull  on  the  hoisting  chain  ;  in  point  of  fact,  when  I 
desire  to  lower  the  weight  I  must  actually  exert  some  power  on  the 
opposite  loop  of  the  chain  to  haul  the  load  down.  I  do  not  exert  very 
much  force,  it  is  true,  to  lower,  but  still  the  force  is  appreciable.  Noav 
we  sum  up  the  advantages  of  the  machine  thus :  It  is  simple,  not 
likely  to  get  out  of  order,  will  not  overhaul,  but  will  hold  any  amount 
of  weight  consistent  with  the  strength  of  the  machine  without  any 
danger  of  the  weight  running  down.  Safety  is  one  of 
its  greiit  advantages.  These  machines,  made  in  this 
country,  by  the  Yale  &  Towne  Manufacturing  Co.,  of 
Stamford,  Conn,,  have  come  into  very  general  use. 

I  will  now  take  down  the  Weston  differential  pulley 
blocks  and  will  hoist  a  load  with  a  device  made  in  this  city 
by  jNIessrs.  Edwin  Harrington  &  Son.  In  this  machine 
the  power  to  hoist  is  obtained  by  means  of  a  worm  or 
endless  screw  working  into  a  worm  wheel,  and  two 
■  sprocket  wheels,  one  on  each  side  of  the  worm  wheel  carry 
the  chain  to  which  the  load  is  hung,  which,  while  it  forms 
a  loop  has  no  differential  motion  as  in  the  W^eston  hoist, 
but  each  revolution  of  the  worm  wheel  hoists  the  load 
through  a  space  equal  to  the  circumference  of  the  sprocket 
wheels  measured  at  the  centre  of  the  chain  that  passes 
over  them.  A  separate  small  chain  passing  over  a 
sprocket  wheel  on  the  shaft  of  the  worm  or  endless  screw 
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servtiS  to  opcratt-  tlio  niacliinc  in  lif)iHting.  Tims  il"  I  pull  on  (»in' 
side  of  this  loop  or  cikIIow  cliaiii  I  may  with  a  mention  ol'hix  fe«'t  rai?ie 
the  Ioa<l  one  imli.  I  will  n(»t  Ix?  jKirticiilar  as  to  the  exa«t  ratio. 
I  have  .'>o  jjoiiiui-'  liaiij^iiij^  on  the  chain  inxtk,  an<l  you  will  oWrve 
that  thre<'  {hmukIs  api)li<xl  to  the  small  ehain  Uirely  hoi.-.ts  that  loa»i. 
Theoretieally,  lxi.se<l  on  the  vehK-ity  ratio  <»("  the  machine,  le>s  than 
one  pound  should  have  hoLstetl  the  load,  ami  the  eHieieney  of  the 
machine  Ls  27  jmt  c-ent.,  the  loss  in  fri«tion  heiuj;  7;i  jkt  c-ent.  It 
does  not  seem  liable  to  run  «l<»wii  with  any  load,  and  a  jpven  weipht  is 
lioiste(I  with  less  elVoit  than  on  the  Weslon  maehine  liCi-ause  the  vehx-ity 
ratio  is  greater,  but  the  load  is  hoisti^l  slower. 

This  machine  is  simple,  not  likely  to  get  out  uf  onler,  worki*  ver>' 
smoothlv,  in  faet  more  sm(K»thly  than  the  one  we  fir^t  trieil,  and  will 
carry  a  load  without  any  tendency  to  r>verhaul.  In  l)oth  «i>t^,  you 
must  rememlx-r,  there  is  more  than  o(»  |)er  cent,  lost  in  friction.  Prof. 
IJall  concludes  from  ex|>erinients  similar  to  those  shown  you  thi:» 
evening  that  the  principle  involved  extends  to  other  in<fhanie:il  [>owers 
and  may  he  .-tatetl  generally,  thu<  :  "When  rather  more  than  half  of 
the  applied  energy  is  uselessly  consumeii  by  friction,  tin-  lo:ul  will 
remain  suspende*!  without  overhauling."  This  gener.il  statemi-nt  is 
clear  and  conclusive,  and  we  are  led  to  Inlieve  that  in  all  hoi>ting 
machines  if  there  is  a  K)ss  of  more  than  half  of  the  applied  energy  in 
useless  friction  the  nuuhine  <-an  Im*  dejK'nde*!  on  to  hold  the  hwd  with- 
out any  tendency  to  overhaul. 

Now  follow  me,  please,  in  another  simple  ex|>erinient.  1  have  had 
made  for  illustration  this  evening  a  crude  hoisting  machine  involving 
a  .series  of  spur  wheels  glaring  into  one  another  in  such  a  way  that 
jM)wer  applie«l  to  one  en«l  i»f  the  series  will  s<rve  t«»  hoist  a  K»ad  at  the 
otlit  r  end  (»f  the  series.  The  velm-ity  ratio  is  .such  that  but  for  friction 
we  might  rai.se  a  load  of  five  |>ounds  with  j"*^y  t>f  one  )K>und,  but  it 
recjuires  two  ]H>unds  to  lift  five  [Kjunds,  so  that  the  efficiency  of  the 
machine  is  40  jier  wnt.,  and  the  lo^w  in  frii-tion  is  GO  |>er  cent.  In 
this  ca.se,  with  a  loss  of  friction  of  more  than  /K>  jkt  cent.,  acixnling 
to  Prof.  Hall's  statement  there  should  l>o  no  danger  of  allowing  the 
loa<l  to  hang  t»n  its  h<K>k  without  any  applieil  jxiwer  at  the  other  end 
of  the  .scries.  Now  oIjsitvc  what  wIm-u  I  take  away  the  iwi»  |M^unils 
rcipiirinl  t«>  lift  the  li»ad.  You  s«r  the  h»:id  ttverhauls  fa>t  enough,  and 
what  is  more,  the  heavier  the  hxul  the  l:i>ter  it  will  overhaul.  In  ihi.* 
<';ise  I  have  simply  .strung  a  series  of  whc<*Is  t«»gelher  until  their  ntulti- 
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plied  axle  friction  is  more  than  50  per  cent,  in  the  whole.  But  as  each 
pair  of  the  series  is  capable  of  overhauling,  the  whole  will  overhaul 
with  a  load  sufficient  to  overcome  the  friction  of  the  machine.  If  this 
was  not  the  case,  and  ordinary  clock  series  of  wheels  could  not  be 
depended  on  to  run,  for  it  is  the  load  applied  to  the  drum  of  clock 
series  and  which  has  been  wound  up,  running  down  operates  the  clock. 
Let  us  now  for  a  moment  think  how  Professor  Ball  has  erred.  His 
experiments  Avarrant  his  assertion,  and  what  he  says  is  strictly  true  as 
regards  all  similar  mechanical  powers  involving  few  parts.  Had  he 
said,  in  any  mechanical  pair,  that  is,  machine  consisting  of  two  parts, 
if  rather  more  than  50  per  cent,  of  the  applied  energy  is  lost  in  useless 
friction  then  the  machine  will  not  overhaul.  He  has  made  a  mistake 
in  generalising  from  too  few  experiments.  The  converse  of  his  rule  is 
true  as  applied  to  any  machine  of  the  kind,  viz. :  If  a  hoisting  machine 
is  so  constructed  as  not  to  overhaul,  and  the  reason  for  its  not  over- 
hauling is  from  loss  of  applied  energy  in  needless  friction,  it  is  safe  to 
infer  that  the  total  loss  in  friction  is  rather  more  than  50  per  cent. 
Thus  in  the  case  of  a  screw  working  in  a  nut  without  either  collar 
friction  or  end  friction,  like  a  step.  We  have  an  example  of  this 
familiar  to  you  all  in  the  screw  and  nut  of  the  elevating  music  or  piano 
stool.  The  load  resting  on  the  stool  does  not  cause  the  screw  to  run 
down,  friction  alone  prevents  its  so  doing ;  it  is  safe  to  infer  that  the 
loss  in  friction  is  at  least  50  per  cent.,  and  if  you  attempt  to  raise  a 
load  on  the  stool  by  screwing  it  up  under  the  load,  the  force  you  apply 
to  do  so  will  be  more  than  double  what  the  velocity  ratio  would  call  for. 
I  do  not  use  this  error  in  Professor  Ball's  admirable  lectures  as  an 
example,  this  evening,  with  any  intention  of  speaking  disparagingly  of 
them,  but  to  give  you  an  idea  of  the  care  that  must  be  exercised  in 
drawing  conclusions  from  our  observation  of  facts,  and  at  the  same 
time  show  you  how  much  more  certain  we  can  be  about  what  we  can 
read  with  care,  than  we  ever  can  be  about  what  we  think  we  have 
heard  a  lecturer  say. 

(To  be  concluded.) 


Encke's  Comet. — Backlund  finds  that  the  empirical  correction 
which  is  required  to  perfect  the  theory  of  Encke's  comet,  after  being 
nearly  constant  for  fifty  years,  experienced  a  considerable  variation.  The 
average  acceleration  of  the  mean  movement,  between  1871  and  1881, 
was  only  about  half  as  great  as  the  value  found  by  Encke  and  Asten 
for  the  period  from  1819  to  1865. —  Comptes  Rendus.,  June  11,  1883. 
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\\\    W'lI.IJAM     DkNMS    M.V|{K>, 
Wlillney  l'rc>f«*»«M»r  fif  DynMiiilcnl  Kngliipcrlng,  I'nlvenilly  of  Prnnaylvanla. 


Ill  |)nvi(>us  [)U|Hrs  jxililishtHl  in  this  .loi  unai.  it  lia«  not  I>cena'v^timc4j 
that  the  ucttinl  st<*arn  from  lM>iIrr  |R.'r  hors<.'-|K)\vej-  \wr  hour  \va«  other 
than  din-ctly  [)roj)<»rtioiial  to  the  stciiiii  n-^'i'^t^TiHl  liv  th«'  iixlimtor. 

It  may  Im-  a  <'«»n^tant  t'nu'tioii  or  it  may  U-  ii  flitlin-iit  fnKfioii  fur 
each  poiiii  of  the  stroke  at  which  wteam  is  <Mit  of!" 

We  hav«'  as  yet  no  exjM'rimcntal  jtnM.f  <>t  what  the  ratio  i»  that 
existii  l)etween  the  actual  sti-aiu  anti  the  indicutnl  steam. 

It  may  Iw  of  servi<«  to  call  attention  to  hyiMithcitf^s  jt"  t<j  wiiat  this 
ratio  may  prove  to  l>e. 

Ix!t  (/  =  the  diameter  of  the  steam  cylindtr  in  t'ei-t. 

Ix?t  »    =  the  stroke  plus  cleanunv  of  the  steam  cylinder  in  f.^  r 

Let  V=  tlie  volume  of  the  cylinder  in  cuhic  feet  = 

4 

Lot  ^    =  the  fnu'tioii  III"   tlif    \(»liiii f  (•\  liihlt  r   .ir    wliiiji    -t.-im  is 

cut  otr. 

I>?t  A'=  tlw  numlM-r  of  r.troke>  jht  minute*. 
Ix?t  T^=  the  tem|M'niture  of  initial  stuim. 
Ijdi  T,=  the  tem|M'rature  of  exhaust  steam. 

We  «in  then  siy  that  «  I'  is  the  volume  of  steaim  existing  iv*  vA|>or 
in  the  cylinder  at  the  instant  of  (*ut-otf. 

To  this  volume  of  steam  a>*  vaj)or  must  l»e  add«il  a  larp-  .jiiaimiv 
N\hich  is  cttndenscd  durint;  the  eiitninci'  of  tlu*  st^-rim  hffnv  txiMtnjunn 
brt/ina.  What  hap|H'ns  to  the  steam  during  its  (>xpansion  is  a  matter  of 
compiinitiveiy  small  moment,  sin*-*'  \vr  know  that  the  <'urve  of  pressures 
is  (piite  :ts  nearly  an  <M|uilatend  hy|M'rl>(»la,  as  any  otiur  curve  within 
limitations  which  have  l>e<>n  estal)lishe«l  quite  in«le{H>ndently  of  anv 
ftK-iinnptions  nyanlin^  the  nitio  l>etween  actual  ami  indic:it«tl  stenni. 
(See  this  .lo'-KNAl,,  DeivudnT,  IHH'A.) 

Statements  21s  to  the  enormou.<«  amount  of  initial  conden.s:ition  soero 
almost  incriHlihIe,  and  yet  it  is  liifticult  to  a(XY>unt  for  the  pn«t  di*- 
cH'paiU'y  which  dcn-s  exist  in  many  tivn-s  on  any  other  hy|>otht>i'.. 

In  nc-.irly  everk*  !*et  of  ex|H>riments  made  u{M»n  the  »t(':im  en^ne 
there  Uixs  Irvu  some  ini.ss>in^  link  in  the  chain  of  evidon«v.  aiMl  tm  a 
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result  the  statements  made  cannot  be  proved,  nor  have  the  doubters 
been  able  to  disprove  them. 

If  we  make  the  assumption  that  the  initial  condensation  is  pro- 
portional to  the  surface  presented  up  to  the  moment  of  cut-off,  we 
have 

rd^ 
Area  of  piston  and  cylinder-head  =  - 

Area  of  cylinder  walls  =  ndes. 

Their  sum  ^=  Tid  I     -\-  es\  .  (1) 

If  we  assume  that  the  condensation  is  also  proportional  to  the 
diiference  in  temperature  of  initial  and  exhaust  steam,  we  have 

(n-^e)  (2) 

If  further  we  assume  that  the  condensation  is  proportional  to  the 
time  of  exposure,  we  have 

—  minutes  (3) 

for  the  time  of  exposure  of  the  cylinder  to  exhaust  steam,  and 

—  minutes,  (4) 

for  the  time  of  exposure  of  tiie  walls  to  initial  steam. 

Since  the  exposure  of  the  exhaust  is  much  longer  than  that  of  the 
initial  steam,  we  can  assume  as  the  more  tenable  hypothesis  that  the 
cylinder  walls  already  let  down  in  temperature  by  a  low  terminal 

pressure,  lose  heat  to  a  depth  proportional  to 

The  great  pressure  and  high  temperature  of  initial  steam  will  then 
in  all  probability  cause  so  much  more  rapid  condensation  of  initial 
steam  as  to  render  its  lesser  time  of  exposure  comparatively  unim- 
portant. 

The  weight  of  steam  indicated  each  stroke  is 

«^iir=  w  (5) 

S 
in  which  S  is  the  specific  volume  for  the  pressure  at  cut  off.     If  now 
we  assume  the  actual  steam  from  boiler  used  in  one  stroke  to  be  pro- 
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|K»rtioii:il  to  flillt'PiM"'  of  teinjMTatiinfs,  areji  exjxjsi-il.  an«i  tiiiii-  of  exjKj- 
Hiin-  of  initial  steam,  plus  va)»or;   we  liavf  for  sleiirn  from  l>«»il»r 

r.  =  62-5';^i    [(/,        4-'("  + ',');]'  (6) 

If  weaKsumof  =  \  or  U's.s      Ux-omo    ,  or  U-kx,  in  whirli  ^ '  n-prt'sonts 

2  4 

the  weij^ht  of  steam  ••omlenscd  by  a  ditlercnw  of , one  tk-gree  Faliren- 

lieit  in  an  iron  siirtac*-  of  one  foot  area  oxpo^eil  for  (die  minute. 

If,  as  seems   more   prol>al>le,    we  assume   that    tiie  <t>n<len.sutiuu  18 

pro|K)rtional  to  the  time  of  exhaust,  we  have 

If  we  let  /•  *,  we  then  have  from  vi\.  (7) 

11  '    ' 

62*  N       Ld       eA  ' 

The  rea.s<iii  for  ^ivin^  the  preferenee  to  formula  (7)  is  tlint  tluMleptli 
of  cooling  is  prohaMv  more  iiiMueneed  l>v  the  time  of  ex|>o«*iir«'  of  the 
exhaust,  and  that  the  eoiitltMt^iition  of  initial  >t«'am  wouM  Ht-m  to  In? 
instantaneous. 

The  order  of  events  would  >eem  to  U'  as  follows,  the  engine  having 
nttaincnl  its  re^uhtr  siwed,  and  the'  cylinder  an  avenige  heat. 

The  entering  steiim  touehinj;  tin*  interior  of  the  eylinder  condenses 
instantaneously  aixi  warms  it  up  to  n  ten)|M>niture  of  the  sttnim,  this 
warmth  ppK'etils  to  a  depth  projMirtional  to  the  «lepth  already  <^M»lttl 
by  the  exhaust,  the  steam  then  ex|»and>  after  eut-otV,  falling  in  temjHra- 
ture  and  losing  heat,  first  l>y  warmini;  up  the  «iK>l»'«i  eylinder  walU, 
siMiiud  in  <loin^  work,  however  the  heate<l  iron  i»f  that  |»;irt  of  the 
eylinder  expoMtl  In-fore  eut-otV,  gives  up  heat  and  va|»ori/A-s  the  eou- 
dense<l  water  of  initial  condensation  in  the  attempt  to  eipializo  the 
tempenitures  throughout  the  eylinder.  whieli  is  eflVvti-tl  hy  a  tnmsl'er 
«)f  eomlensjitit)n  following  the  motion  of  thepi?«ton-he:ui. 

At  the  end  of  the  stroke  tiie  teiniH-niture  of  the  whole  internal  tur- 
f(ur  and  of  the  8teiim  is  that  of  the  terminal  pi>.f*»ure,  the  ste:im  having 
really  expaiule<l  with  fn>sh  aei-essions  of  h«':it  ami  of  va(><»r  from  that 
part  of  the  eylinder  expos«-*|  to  initial  st«inu  :  that  is.  ex|Kw«il  Ufon  the 
eut-otf  (Hxnirs. 
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Next  ill  the  order  of  events  the  exhaust  opens  and  the  whole  interior 
of  the  cylinder  is  exposed  to  the  temperature  of  the  exhaust,  the  piston 
and  cylinder-head  being  exposed  on  an  average  twice  as  long  as  the 
cylinder  walls. 

In  every  engine  these  changes,  whatever  they  may  be,  establish  an 
equilibrium  among  themselves,  and  the  result  is  that  a  certain  uniform 
quantity  of  heat  is  lost  each  stroke,  provided  the  thermal  value  of  the 
steam  does  not  vary. 

What  is  sai?!  is  merely  advanced  as  a  hypothesis,  which  so  far  as 
regards  the  expansion,  receives  a  probable  verification  from  the  curves 
of  the  indicator,  which  approximate  to  the  equilateral  hyperbola,  more 
and  more  nearly  as  we  improve  the  performance  of  engines.  Dropping 
tlie  discussion  of  what  befalls  steam  after  the  point  of  cut-off  is 
reached,  let  us  return  to  initial  condensation. 

From  Mr.  Hill's  experiments  we  take  the  following  data : 


HARRIS-COELTSS    ENGINE. 


Condensing. 
4-08  ft. 

Non-condensing. 

^^Cifrnl^'*^9                

4*08  feet. 

l^ft. 
7  "291  eft. 

1}4  feet. 

7-291  c.  ft.    Calculated. 

0-1355 

-1491. 

32063-19  lbs. 

32160*25  lbs.    In  10  hours. 

1315-86  B.U. 

1255-74  B.  U.    Experimental. 

(7)  Til  ermal  value  of  saturated  steam 

1214-88  B.U. 

1214-74  B.  U.     From  Porter's  tables. 

90-07  lbs 

89-52  lbs.    By  steam  gauge. 

b 

532-8  deg.F 

532-4  deg.  F.  Calculated  and  table. 

145-4  deg.F 

257- 

212-6  deg.  F.    Calculated  and  table. 

258*    For  initial  pressure. 

151-66 

151-62 

86-97 

85-91  lbs.    By  steam  gauge. 

264- 

266-5 

19335-94  lbs. 

20625-  lbs.    Calculated    for   point    of 

cut-otr,  less  comp.  steam. 

35-67  lbs. 

28  -94  lbs. 

41-07  lbs. 

60-57  IbP. 

(18)  Barometric  pres.  (abs.) 

14-47  lbs. 

14-47  lbs. 

165-58 

134-29 

0-0189 

0  0189 
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(15)  is  calculatwl  from  the  following  formula: 
Water  in  10  iii-s.=  U)  (c  —  k    y  j  X  H'  X 859375.  (9) 

P.S' 

CondensinL'  10  X  10558  'l-'^'J^  —  0076  ^  ^=,937 o  =  V.iP^Vy'J4  lb«. 
*'  35-67  X  264 

Non-condensing  10  X  134-29  lii^LzL^H^  X  859375  =  20625  lbs. 
'^  2M-94  X  266-5 

The  temperature  of  the  st«im  is  computet!  from  its  thermal  value. 
It  is  much  to  i>c  regrette<l  that  this  temjKjrature  warf  not  diret-tly 
observed. 

The  formida  use<l  is 
IX'^re«is  of  su|K;rheating  =  (Ol>served  thermal  —  Saturated   thermal 

value)  X  2  (10) 

vfluch  wiien  addctl  to  the  tem|)erature  ohservol   hy  llegnauit  for  satu- 
rated steam  gives  the  temjK'rature  of  the  initial  steam. 

The  s|>ecific  heat  Ix'ing  assumed  at  '5  with  Him,  rather  than  '48  a<» 
given  for  st«'am  hy  Porter  from  Ke^rnault. 

Comparing  the  result.s  its  to  weights  of  steam. 

For  Harris-Corliss  engine,  condensing. 

Actual  steam  from   hoiler .3206.3'19 

Computed  steam  at  eut-off,  less  amount  of  comp ll'335'r>4 

Compuletl  steam  at  terminal  pressure,  less  amount  of  comp.  22776-81 

giving  /•  =  1'657  for  point  of  cut-off. 

For  sjime  engine  non-<"ondcnsing. 

.Vctual  steam  from  boiler 32160-25 

Com|)Uteil  steam  at  cut-off,  less  amount  saveil  by  comp 20625-00 

Computed  steam  at  terminal  prissurc  liss  comp 21H*0-7S 

giving  r=  \'b!'tU  for  point  of  ent-otV. 

Substituting  in  formula  8  we  have  for  condensing  trial 

•667  =  ---l(^^"j*L    C[2-667-f  3-617] 
62i  X  151-66      ^  -• 

C=  0-00969  lbs. 

For  non-condensing  trial 

•559  =  -^^-^?^^  Cr2-667  -\-  3-2891 
62|  X   151-62     ^  ^ 

C=  0-01044  lbs. 

DitVerence=  0-00075  ll>s. 

Whole  No.  Vol.  CXVII,— (Tiiikd  Sf.rirs  Vol.  Ixxxvii.)  12 
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That  is,  we  might  infer  from  the  above  induction  that  the  con- 
densation of  a  plate  of  cast  iron  one  foot  square  rapidly  subjected  to 
varying  temperatures  is  about  -^-^  of  a  pound  per  minute  and  per 
degree  Fahrenheit.  It  must  not  be  forgotten  that  our  premises  are 
not  very  accurate. 

Having  thus  determined  a  value  of  C  =  y^  lbs.,  we  can  discuss  the 
point  of  cut-off. 

Actual  steam  =  r  times  indicated  steam.     For  one  stroke 

Work  FV  ,,,. 


Cost  of  work  in  steam  62^ 

r  -o^  e  V 

Clearance  and  compression  being  neglected. 

Substituting  the  value  of  r  from  equation  (8)  we  would  have 

P 


2/=^^  e  + 


S  100  N 


K^^] 


and  letting 


=  62K    ,    ^b—  ^e  r^e    ,    2"!  (12) 

1 

A  =  -^  (13) 

D  =  h i±  (14) 

100  iV^  ^ 

We  have  for  a  maximum  value  of  equation  (12). 

B   ,       2Dd  1       1  nK\ 

e  =  — +  ^ nat.  log.  -  (15) 

P,      8{Ad  +  'ID)        .        e  ^    ^ 

If  in  this  Ave  substitute  the  values  for  the  Harris-Corliss  Engine 
condensing  we  obtain 

A  =  -^  =  0-243  D  =  -^^- =  -0258 

257  100X150 

.  =  J:35_      2_X_-0258  X  1  j ^^,^  1       1 

104-55       4(-243  X  I'S  +  4  X  -0258)  e 

e  =  -032  +  -0414  nat.  log.  - 

e 

If  in  this  equation  of  condition  we  assume  e  =  ^  =:  0'125  for  a  first 

trial  we  have  -125  =  0-032  +  -0858  =  0-118. 

Assume  e:=i-=  -111  for  a  second  trial  we  have 

•111  =  0-032  + -0906  =  0-122. 
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We  w?<.',  thcnCorL",  tluit  tli«-  llarrU-Oirlisn  iiipim-  t-oinlen-in^;  luif^iit 
)i:ive  cut  oti'  at  al>out  j^  or  a  little  over,  but  not  s»  high  a.-^  \,  with  the 
j^re^iti-Ht  artual  (h-oiioiuv  of  MteiUii  jkt  imiiratnl  hofM-jiower.  It  waa 
possibly  <ioiii^  its  \n-y>\  jmt  not  hor>H?-jM>\ver  rh-ar  of  the  engine  friction 
;ls  it  wa«  run  (Ol.'Joo  ctitHitf.) 

ThcHc  limitJitions  are  al«o  dcrive<l  by  other  methotLi  in  this  Jorn- 
NAI.,  AngUHt,  1M80,  and  I  K-icnjIxr,  IMM.J;  al^o .  in  "The  Illative 
I'r<i|M)rtionH  of  the  .Steani  Knuitu-,"  ( 'liap.  xvi.,  at  H4>tne\vhat  gre:it«r 
l»ii;;th  than  eJjM'where. 

If  now  we  tiike  up  the  sanie  engine  non-eoniieiLsing  we  iiave 

A  =  0'24.']  ami  ])  =      '^^  "''^ =  -021. J 

IW  X  l.iO 

^=    !*i!?.    +-081     CMM.     lo-r.   1 

104.  '    « 

^  =  01 43  J-  -081  com.  1(^.  \ 

e 

If  in  this  etpiation  of  ci>niliti<»n  we  assume 

e  =  ^  =  -20  we  have  •20  =  14;^  -f  '057  =  -20. 

That  is  to  sjiy,  the  Ilarris-C'orliss  engine  non-<t)nfIensing  w:ls  prob- 
ably run  so  as  not  to  |)r<Nhice  its  Inist  actual  «i^»nomv  of  Htcnm  as  it« 
ciit-otV  w:us  •] '>  of  the  vohime  and  tln'Mon-  too  earlv,  not  for  ei-onomv 
of  indiailetl  steam,  but  for  ««con«>n»y  of  actual  stejim  from  lj<»iler. 

A  laborious  caU-ulation  of  the  amount  of  steam  rt'-<'va|K)rate«l  in  the 
Hteam  cylinder.",  at  various  |H)ints  from  the  jjoint  of  cut  off  to  exhaust 
opening  has  le<l  the  writer  to  U'lieve  that  Mr.  Hill's  surmU-  as  to 
excessive  leakage  in  the  <'ast>  of  this  engine  is  in<i»rnH't,  when  the  engioe 
w:ls  in  motion  and  thoroughly  warme«l  up. 

The  large  junvntage  of  initial  <te:iiu  <>i>nden^4-<l  in  tJjo  e3t..f  of  the 
n<tn-<-on<lensing  trial  wjus  c:ius4.tl,  |Mrliaps,  by  a  too  eiirlv  cut-off.  The 
Harris-Corliss  engine  has  l>ecn  selecttxl  Ikstiusc  the  dtagmnis  given  for 
that  engine  would  ap|Har  to  sh«»w  le;ist  pn»lwbility  of  a  Ntik  jKist  the 
piston  an«l  1h<i«jius<'  Mr.  Hill  n>mark.s,  ••  Mr.  Kllb»,  of  the  Harris  engine 
attemptwl  t«»  ha.««ten  the  stating  of  the  steam  valvei*  of  his  engine  bv 
filing  pnvious  to  the  trials  with  ginxl  results  as  shown  by  the  diii^rams. 
No  effort  was  made  with  either  the  Heynt>KIs  or  Wheehnk  engines  to 
sesit  the  valves  exivpt  by  wear." 
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Taking  the  case  of  a  pair  of  diagrams  from  Buckeye  engine  with 
Korting  Jet  Condenser,  we  iiave  the  folloAving  data  : 
Stroke,  s  =  44  inches  =  3-667  feet. 
Clearance,  k  =  -028  =  '07334  feet. 
Diameter,  d  =  22  inches  =  1-833  feet. 
Abs.  initial  pressure,  P^  =  92-7  pounds  per  square  inch. 
Abs.  back  pressure,  5  =  4-7  pounds  per  square  inch. 
Number  of  strokes,  N  =  140  per  minute. 
Temperature  of  initial  steam.  T^^  =  322-14  deg.  Fahr. 
Temperature  of  exhaust  steam,  T^  =  159-55  deg.  Fahr. 
Specific  volume,  initial  steam,  S  =  286-9. 

D^T^^^e^  162:5^  ^0-0116  ^  =  _^M  =  6J:l^  0-218 

lOOiV^  14000  S         287 

4-7      ,         2  X  -0116  X  1-833  X  2-3026  ,       1 

e  =  -f com.  log.  - 

92-7       3-667[0-218  X  1-833  +  4  X  '0116]  ^  e 

e  =  -0507  4-  0-060  com.  log.  1 

e 

In  this  equation  of  condition  assume  e=\  =  '125. 

We  have 

0-125  =  -0507  +  -054  =  -105. 

For  e  =  ^  0-1 11  =  -0507  +  -0572  =  -108. 

That  is,  it  would  appear  as  if  the  greatest  actual  economy  per  indi- 
cated horse-power  would  have  been  reached  assuming  the  steam  to  be 
saturated  and  neglecting  the  clearance  and  compression  with  a  cut-off  of 
nearly  y^  the  volume.  The  actual  cut-off  of  the  diagram  would  appear 
to  be  very  closely  ^  of  the  cylinder  volume. 

All  engineers  are  agreed  upon  the  point  that  the  presence  of  clear- 
ance causes  loss. 

Compression,  too,  must  cause  some  small  loss  of  efficiency  of  steam, 
as  well  as  a  loss  of  power  in  the  engine. 

However,  we  cannot  avoid  clearance  entirely,  it  being  doubtful  if 
mechanical  considerations  will  permit  us  to  get  much  below  the  2  per 
cent,  clearance  already  attained,  and  therefore  we  must  correct  the  one 
evil  by  the  other  so  far  as  possible. 

Does  it  not  seem  possible,  too,  since  the  specific  heat  of  steam  under 
constant  pressure  is  but  one-half  that  of  water,  that  superheating  steam 
will   not  diminish  initial  condensation   directly  in  proportion  to  the 
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Non-Condensing  Harris-Corliss,  No.  28,  June  22d,  II. IB  A.  M.-Thompson  Indicator. 

The  broken  curve  la  an  equilateral  byperbola  from  the  point  of  cut  off  in  each  case  of  HarrlB-Oorlies  Engine. 


NON-CONDENSlNG  HARRIS-CORLISS,   NO.    14-.  JUNE  22d,  7.45   A.  M. 


Condensing   Harris-Corliss,  No.  34,  June  22d,  1.30  A.  M. 


The  above  diaKrains  of  the  Harris-Corlis-s  Engine  are  photo-engraved  rei)roduetion.s  from  Mr.  Hill's  diagrams,  and  are  as  nearly  facsimiles  of  the  originals  as  possible.    However,  as  the  errors  of  reproduetioQ  ar 

given  with  each  diagram  as  a  scale.  »■     n       ■<.! 

The  diagrams  of  the  Buckeye  Engine  and  the  Brown  Engine  have  been  engraved  from  templates  carefully  made  for  Mr.  Thompson  from  the  original  diagrams,  and  may  be  relied  upon  as  being  practicaiiv  .icti 


k 


Condensing  Harris-Corliss,  No.  IT,  June  21st,  11.45  P.  M. 


TliBBuliJcurviM 


I  tile  broken  curve  below  is  the  Isotliormal  IDxpansi 

■-'— ^,  and  beglmiliigat^'     '-  - 

SOALB,  40  lbs. 


diflgram  for  eomparlBOn,  and  beginning  at  the  toe  of  thy  illdgrum. 


Condensing   Harris-Corliss,  No.  34,  June  22d,  1.30  A.  M. 


Diagram  OF  THE  Bkown  Engine.    Non-Condensinc    Taken  by  F.  W.  Bacon. 


Mr.  Hill's  diagrams,  and  are  as  nearly  facsimiles  of  the  ork'iuals  a.s  possible.     However,  as  the  errors  of  reproduetiim  are  ia  pro|)nrtioii,  the  diagrams  can  be  reworked  by  using  tlie  absolute  iN'iTfAL  pkessuke 
eiuplates  carefully  made  for  Mr.  Thompson  from  the  original  diagrams,  and  may  be  relied  upon  as  being  practically  accurate. 
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number  of  degrees  of  snperheiiting,  hut  nitlier  in  projKjrtiou  to  half 
the  degrees  of  superheatiug?  In  other  words,  is  it  Dot  niore  |)rol)ahIe 
tliat  T^  should  be  made  efjual  to  the  temj)eniture  of  saturated  steaiu  of 
the  given  pressure  plus  the  number  of  British  units  by  which  its  ther_ 
mal  value  is  less  than  that  of  the  superheated  steam  under  considera- 
tion ?  If  we  consider  the  properties  of  iron  alone,  is  it  n<»t  j>ossible 
that  superheating  may  increitsc  the  amounts  of  initial  condensation? 

The  fact  of  initial  condensation  in  large  quantity  must  influence 
subsequent  expansion,  because  we  have  not  oidy  a  surface  of  hot  iron, 
hotter  than  the  steam  the  moment  it  liegins  to  expand,  but  also  on 
this  surface  a  film  of  water  ready  to  vaporize  the  instant  the  pressure 
upon  it  is  relieved,  and  thus  to  augment  the  volume  of  the  expanding 
steam.  When  steam  is  not  dry  jis  taken  from  the  IwUer,  it  is  ea-^v  to 
see  that  the  volume  and  pressure  of  the  steam  may  be  so  nmch  aug- 
mented as  to  raise  the  expansion  line  above  a  true  hyperlwla. 

The  temperature  of  the  steam  and  cylinder  surface  falls  during 
expansion,  but  still  a  film  <»f  water  at  this  lower  temperature  remains 
upon  it,  and  instantly  at  the  opening  of  the  exhaust  vaporizes,  draw- 
ing its  heat  from  the  cylinder's  surface,  cooling  the  piston  and  cvlin- 
<ler  head  to  the  greatest  deptfi,  because  they  are  the  longest  exposed, 
the  result  being  increased  initial  condensation,  and  making  the  time  of 

exposure  to  exhaust  —  the  controlling  element  rather  than  the  time  of 
exposure  to  initial  steam     ^. 

If  in  e(|uation  (8)  we  substitute  the  value  of  T,  under  the  above 
assumption  we  have 

For  the  Harris  Corliss  engine  condensing  C=  OOl.'iOG 
"  "     nou-coudensing  C'=  0*01518 


Ditference 0(Mi212 

It  would  not  appear  tVoni  this  that  these  jissumptions  are  as  correct 
as  the  jM-eceding,  which  give  results  ditVering  by  (ImKK>7")  pounds  of 
steam  per  minute  per  square  foot  of  surfiuv  niisoil  one  degree  Fahr. 

It  is  worthy  of  note  that  the  su[K>rheate<l  steam  in  the  Harris  Cor- 
liss engine  must  have  instantly  become  very  wet  steam  ujx>n  its  admis- 
sion to  the  cylinder,  and  therefore  if  damage  is  done  by  >u{HMheated 
steam,  its  evil  etVects  will  aj)|M'ar  upon  the  valve  motion  and  ujK»n 
lubricants  fed  through  the  steam  pipe. 
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It  would  seem  as  if  especial  care  given  to  the  jacketing  of  the  cyl- 
inder barrel  would  be  useless  trouble  until  we  have  suppressed  initial 
condensation  due  mainly  to  the  piston  and  cylinder  heads. 

Even  were  we  to  obtain  very  good  non-conducting  surfaces  for  these 
latter  parts,  it  is  doubtful  if  a  film  of  water  would  not  appear  on  them 
and  demand  conversion  into  steam  at  the  beginning  of  each  stroke. 

Taking  next  the  case  of  a  Brown  engine,  non-condensing,  steam- 
jacketed,  data  as  follows : 

Stroke,  s  =  42  inches  =  3*5  feet. 
Clearance,  =  '028  =  '07  feet. 
Diameter,  cZ  =  16  inches  =  1'333  feet. 
Abs.  initial  pressure,  P^  =  88'7  pounds  per  square  inch. 
Abs.  back  pressure,  B  =  IS  pounds  per  square  inch. 
Number  of  strokes,  iV^=  120  per  minute. 
Temperature  of  initial  steam,  7\  =  319*01  deg.  Fahr. 
Temperature  of  exhaust  steam,  T^  =  222*38  deg.  Fahr. 
Specific  volume  of  steam,  S=  301*02. 
Steam  wet.     Substituting  in  formulae  (13),  (14)  and  (15) 

D  =     ^^'^^    =  -00805        A  =      ^^'^     =  0-207 
12,000  301*02 

18      ,       2  X  -00805  X  1-333  X  2-302G  ,        1 

e  = +   — 1 com.  log.  — 

88-7         3-5  [-207  X  1-333  -j-  4  X  -00805]  ^    e 

e  =  0*203  +  -046  com.  log.  1. 

e 

Assume  e  =  |  =  -25  =  -203  +  -027  =  -23,  or  very  nearly  the 
same  as  assumed. 

In  the  diagram  the  steam  would  seem  to  be  cut  off  at  about  -^  of  the 
cylinder  volume. 

It  would  seem,  when  we  use  superheated  steam,  as  if  the  condensa- 
tion on  the  interior  of  the  cylinder  should  be  less  than  M^hen  saturated 
steam  is  used,  but  this  is  dependent  upon  the  action  of  the  steam. 

If  the  steam  condenses  only  as  it  comes  in  contact  with  the  walls, 
that  is,  condenses  as  a  piece  of  ice  melts,  on  the  outside,  the  main  body 
of  the  steam  ivill  remain  superheated,  and  successive  layers  of  steam  on 
the  outside  be  condensed  until  the  walls  are  of  the  same  temperature 
as  its  temperature  of  saturation,  after  which  the  superheated  steam 
would  strive  to  re-evaporate  the  condensation,  and  the  iron  to  keep  it 
condensed  and  add  more  to  it,  with  all  the  advantage  on  the  side  of 
the  iron.     Since,  if  we  assume  steam  of  an  average  specific  volmne  of 
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"iOO,  tlieir  cormmrutive  wtij^lit.-,  voliiriif'  f«>r  voluin«\  are  -  iron  -,!•»<>, 
-t«im  1,  and  ju*  tin-  »|ie<'ifir  ln-at  of  wttaim  w  048  and  that  of  iron  <>I2, 
we  H<'<?  that,  voltinif  for  vohitiu-  or  layrr  for  layer,  Inm  will  tnk**  540 
finios  as  much  luiit  il"*  .-l«-:ini.  S)  wr  .■»«.•  tin*  iron  will  not  only  k«i'p 
what  it  luiM  ('olld(■n^M^l,  hut  will  add  nion>  to  it  l>y  (Ttndutting  the  hcnt 
from  thr*  fdni  of  wat<'r  u[K>n  it  away  ^i  nipidly  an  to  caofte  additional 
••ondciisntioM  in  tho  adj:u"ent  lavt-rs  <»f  stj-atn,  whirh  havo  potujiarativcly 
iio  (•oudu<'tiiij;  jMiwrr  at  all,  if  wc*  ciiii  dmw  any  infen-no  from  the 
f.'ix'  with  which  priming  ociMirs  in  it,  and  the  JHHiionsion  «»f  globules 
of  water  during:  cxp:»n-ioii  of  st«*:im. 

Tilt'  advantimw  of  suiH-rhcat*-*!  stnim  will  !>»•  found  to  lie  in  the 
more  complete  re-cva|)oration  during  expansion  leaving  a  drier  cylin- 
der and  con.s<'<jucntIv  h-sf*  to  Ik*  cva|>on»t«'<l  liy  the  lu-at  of  the  c>'linder 
during  the  exhaiL><t,  which  will  therefore  U*  cooUtl  t<»  a  lesw-r  depth. 

It  \*  not  surmi.«M'<l  that  the  tem|K'niturc  of  the  in>n  of  the  -ti-nm 
ylinder  Hshw  abov*'  the  tem|M'rature  of  >«ntur:itMl  steam  of  the  initial 
pn-H«<ure,  hut  the  prolKd>ility  is  sujjp^t^sl  that  the  in»n  p-t?*  morr.  heat 
in  projMirtion  to  the  sujK'rheatin^',  and  therefon*  n'-<'v:i|x»rate?<  the 
-(eaiii  in<»re  naulily  and  thorou^jhly.  Certainly  it  wi»ul«l  not  apitenr, 
in  (he  c:is«>  of  ihe  II:irris-(  orliss  ••ugine  cond«'n«»iiijr,  that  •'•'".  pi-r  ■ 
of  the  indic-.iteil  st«im  should  In-  coudert*i«>d  at  cut-otV,  or  with  the  - 
ugine  non-i'onilensing  5()  \n^r  cvnt.  of  the  indimtixl  steam  should  have 
Ikm'H  condeiiHHl  at  cut-off,  if  all  the  suiierheating  of  the  initial  steam 
had  vanislutl  Ufon^  (x»ndens4uion  Itej^ui. 

Neither  (Ik's  it  ap|H'ar  fnun  the  diagnims  that  the  8U|Hrhoating  had 
the  etVjs't  of  raising  the  ex|Ninsion  curve  alwve  an  equilateral  hy|x'r- 
hola  in  the  Harris  engine,  nor  <lo<x  wet  st<':im  scorn  greatly  to  nx^lify 
the  expan^^iou  curve  of  the  Hn>wn  eugiue. 

It  dtH-s  not  seem  pn»lNd>le,  however,  that  an  engine  iwingsuper-heatcHJ 
«'t«';in),  as  ditl  the   IIarri>i, -^hoidd   mo?>t  ■  "     <Mit  off  '  i 

the   Buckeye  engine,  jis.ounuil   to  as*'  ••  nn,  yet   t!  i 

ap|H^ar  to  be  thecnae  fnun  the  fonnulie  used  and  may  renlly  lie  the  case, 
iK-i-nuM'  of  the  gn'jiter  sjHM'ific  volume  of  su|>erhe:itMl  st«-nm.  It  ha.s 
aln-ady  Uiii  shown  that  even  if  all  the  steam  il-^iI  ap|X'an'«l  in  the  tlia- 
gnim  nognmt  e<'onomy  woidd  result  fn>m  a  cut-off  earlier  than  \  «»tn»ke. 

The  fact,  however,  Ls  umleniaMe  that  the  amount  of  ho:»t  r»>nducte»l 
:\way  is  pn>|x>rtional  to  the  ouuluctivity  and  h«  ■•  —  ity  of  the  ip>n 
«  yliuilcr,  an«l  we  an*  told  that  this  M»MdM<'tivily  ;~  pn»p««rti.»nal 

to  the  difference  of  tem|*»'raturcs. 
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AN  INVESTIGATION  LOCATING  THE  STRONGEST  OF 

THE  BRONZES. 


By  W.  Ernest  H.  Jobbins,  M.  E. 


(Continued  from  page  103.) 

The  research  was  now  restricted  to  tlie  examination  of  alloys  lying 
nearer  the  point  copper  =  100,  i.  e.,  the  upper  vertex  of  the  triangle, 
as  seen  in  the  figure,  and  all  such  alloys  were  tested  by  tension, 
compression,  torsion  and  transverse  stress.  The  results  are  quite 
accordant,  and  the  quality  of  the  metal  could  be  judged  as  well  by  one 
set  of  data  as  another,  although,  as  a  matter  of  course,  the  strain- 
diagram,  obtained  automatically,  gave  the  best  idea  of  the  nature  of 
the  metal  where  the  observer  had  been  accustomed  to  that  method  of 


Fig.  3. — coppEB-TiN-ziNC  alloys. 
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research.  When  the  figures  thus  obtained  had  \x^n  entered  in  the 
triangular  map,  lines  of  equal  strengtii,  of  equal  duetility,  or  of  equal 
resistiince,  o<nild  be  drawn,  as,  in  topographical  work,  lines  of  equal 
altitude  are  drawn,  and  the  niap  becomes  thus  a  u.~eful  representative 
of  the  valuable  qualities  of  all  possible  alloys.  Fig.  3  represents  such 
a  map  of  all  copj)or-zinc-tin  alloys.  The  scale  of  altitude  is  obtained 
by  considering  the  relation  of  tension  to  t4)rsion  resistance,  which  is 
nearly  25,000  pounds  per  sfpiare  inch  (1,708  kilogrammes  per  square 
centimetre)  for  each  Ino  foot-pounds  (13* 8 2  kilogrammetrcs)  of  torsional 
moment  for  the  standartl  test-specimen,  which  sjx-cimen  was  turne<l  to 
a  standard  gauge,  and  made  f  inch  (1*84  centimetres)  diameter  and  1 
inch  (2'54  centimetres)  long  in  the  cylindriad  part  exposed  to  strain. 
These  facts,  as  determined  cx|)orimentally,  were  subsefjuently  still 
better  exhibite<l  by  another  metlnMl  dcvise<l  by  Prof.  Thui>ton  for 
class  illustration,  thus:  I'^pon  a  triangular  base  of  metal,  laid  oti'  as 
above,  erect  a  light  metallic  staff,  by  drilling  a  hole  for  its  support  at 
each  point  laid  down,  as  representative  of  an  alloy  tested  ;  make  the 
altitude  of  each  of  these  wir&s  proportional  to  the  strength  of  that 
alloy.  There  is  thus  produced  a  forest  of  wires,  the  tops  of  which  are 
at  elevations  al)ove  the  base-plane  proportional  to  the  strength  of 
the  alloys  studied.  Similar  construct i<tns  may  Ik*  made  to  represent 
the  elasticity,  the  ductility,  or  any  other  property  of  these  alloys. 
Next,  fill  in  between  thoe  verticals  with  clay,  or,  better,  with  plaster, 
and  carefully  mould  it  until  the  tops  of  all  the  wires  are  ju5>t  visible, 
shining  points  in  the  now  smooth  surface  of  the  nuxlel.  The  surface 
thus  forme<l  will  have  a  topography  characteristic  of  the  alloys  exam- 
ined, and  its  undulations  will  rej)resent  the  characteristic  variatit»ns  of 
quality,  with  changing  proportions  of  the  three  const ituent."^.  This 
was  made  for  Prof.  Thurston,  and  wa«  cast  in  thealloy  which  is  the  sub- 
ject of  this  paper,  the  j)hister  <'ast  ma<le  as  above  iH'ing  ustnl  as  a  pat- 
tern, and  this  cast  is  used  in  lecture-room  illustrations,  ami  is  suppli«xl 
to  other  institutions. 

Fig.  4  is  a  g()<Kl  rej>r«^!entation  ma<le  fr<»m  a  photognij»h  of  the  nunlel 
for  the  Americ:in  Asso<iation  for  the  Advancement  of  .S-iemv.  The 
alloys  stuilietl  were  originally  intemletl  to  furnish  data  during  a  pre- 
liminary research  that  should  serve  as  a  guide  in  a  later  an<l  more 
complete  study  of  this  important  and  intensely  interesting  field  of 
invistigjition  ;  those  alloys  weiv  purj)osely  made  precisely  as  the  brass 
founder  is  accustomeil  to  make  them.     The  data  obtaineil  were  conse- 
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quently  exceedingly  variable,  and  the  results  of  this  work  indicated  as 
one,  and  not  the  least  valuable  of  deductions  from  it,  that  the  same 
alloy,  and  especially  where  the  proportion  of  copper  is  great,  may  give 
very  diiferent  figures  when  tested,  according  as  it  is  more  or  less  affected 
by  the  many  circumstances  that  influence  the  value  of  all  brass  foun- 
dry products.  But,  allowing  for  all  such  minor  variations,  it  is  evi- 
dent at  a  glance  that  the  alloys  of  maximum  strength  are  grouped,  as 
shown  in  Figs.  3  and  4,  about  a  point  not  far  from  copper  =:  55,  zinc 


Fig.  4. — model  of  strength  of  alloys. 

=  43,  and  tin  =  2.  This  point  is  encircled  in  the  map.  Fig.  3,  by 
the  line  marked  65,000  pounds  per  square  inch  (4,570  kilogrammes 
per  square  centimetre)  tenacity,  and  is  represented  on  the  model,  Fig. 
4,  by  the  peak  of  the  mountain  seen  at  the  farthest  side — the  copper- 
zinc  side  as  shown.  This  is  obviously  the  strongest  of  all  bronzes,  and 
an  alloy  of  this  composition,  if  exactly  proportioned,  well  melted,  per- 
fectly fluxed,  and  so  formed  as  to  produce  sound  and  pure  metallic 


March,  1884.]  Locfitint/  thf  Stronf/ftil  of  the  lironzfft.  187 

alloys,  with  mkIi  prompt  (tMtliii^  jl-^  shall  pnvfut  Ii<jtiation.  i-  the 
stron^^t  hroti/c  that  man  «-:ui  inak<-. 

Prof.  Thiir^ton  finally  rnaih*  thin  alloy,  ainl  ot  it  <'«.n-.tru«ti-«|  tin- 
in(j<lt'l  repn^K-nti!*!  in  tin;  lit-tt  fijjun*.  It  i."*  u  (•l«N«'-^niin«_'<l  alloy,  of 
rich  color,  fine  siirfa*-*',  an«l  taken  a  j^fxxl  (M>liMh.  It  oxiiliz*"!*  with  difti- 
culty,  and  the  .surfai***  then  t;ikcs  on  a  pIcaHrint  nhadc  of  stiitnark-  l»n»n/e 
jrrccn.  Testing;  it,  it  was  found  to  have  citnxidcmhle  lianhM?**,  Init 
MHMlenite  ductility,  though  ton^jh  and  din'tile  eiH)U^h  for  nn^t  pur- 
|K»*o«  ;  it  would  forj;«'  if  handhij  skillfully  and  ••juffully,  and  not  Ut* 
\ou^  (»r  too  highly  iM-tit*-*!  ;  had  iniincns*'  stn-nuth,  and  sii'ini-*!  unusn- 
allv  well  adaptcil  for  j^t-ncral  use  as  a  working  ipiality  of  hronxe.  In 
coni[)oHition,  however,  it  i«  seen  to  l)e  a  bnisH,  with  a  small  dt»e  of  tin. 
Tln'  allov  ma<|e  as  repn-M-ntinj;  the  alloy  f<»r  |>urjM»s«>s  demanding 
touj;hne.s«  as  well  as  strenjfth  contain.s  less  tin  than  th«'  al)ove  ci»m|x»- 
sition,  Cu  55,  Sn  O-.'),  Zn  44*').  It  luul  a  tenat'ity  of  6H,J«<K)  ixKinds 
|)er  s<juare  inch  (1,H11  kilo^nimmes  jxr  M«|uare  o-ntifuctn-)  of  original 
Kftioi^and  {>2,I.U»  |N>unds  («i,477  kilo^nunmes)  on  fnutunil  area,  and 
eloni^itHl  47  to  ol  |mt  cn-nt.,  with  a  niluction  to  fn»in  0*6i>  to  (••7;l 
jxr  «vnt.  of  it.s  orij^inal  diameter.  N<»  exaltati(»n  of  the  normal  elastic 
limit  was  ol)s<'rve«l  duriiit;  tests  made  for  the  pur|>ose  «»f  nuiLsurini;  it 
if  iiotMl.  This  allov  was  woud«'rf»illy  homogeneous,  two  te^ts  hy  t«-n- 
nion  ^ivin^  exactly  the  sjunc  fij;urw,  ♦»H,!»CH).  The  t*nuiure<l  surface 
was  in  (-olor  piiikish-vellow,  and  was  «lott«il  with  miiuite  cry-taU  of 
all(»v  pnxlmitl  hy  oMilinj;  tot>  slowly.  The  shavinp*  priKhhiil  hy  the 
turning;  t<K)l  were  curkil  closely,  like  those  of  good  iron,  nnd  wen* 
tou^rh  and  strong.  This  alloy  an«l  the  "Tohin  Alloy,"  Cu  o,S-22, 
Sn  li"^{(),  /n  .UMM,  are  p^mI  working  metals,  the  latter  In'in^  c:i|»al»lo 
of  j;n>at  impnivement  hy  skillful  working  either  hot  or  «'«>M,  and  thus 
of  ohtaininp  a  tenacity  of  over  10(\<KX)  |x»uim1.s  |H»r  srpiaru  inch  ^7,311 
kilogrammes  |Mr  s«|uan'  tfutiiuetre). 

l"'nllowin);  the  inetjualiti*^*  exhiliit***!  I>y  the  map,  we  noti<v  the  tact 
that  file  line  of  maximum  elevation  crosses  the  field  fn^u  alxHit  ("u  'm, 
/n  .'>i>  to  C'u  So,  Sn  lo,  is  inelude<I  in  a  Uin*!  Itounde^l  l»y  the  for- 
mulas M  =  Z  -f  4t  -:  ■»(•,  and  M  =  Z  -r  ^t  =  oo,  iu  whi«h  Z  is  the 
jK^nvntajje  of  «inc  present  in  any  triple  alloy  of  tluit  serii*»,  aiMl  T  is 
the  j>en'entap'  of  tin.  It  has  Ut'ii  xtjititl  that  aU»n^  this  maximum 
lino  the  tenacities  of  the  alloys  shouhl  l>e  at  least  T.  =  40,«nn»  — 
'»<XW.  in  |>oun<ls  on  the  sipian*  inch,  or  T„' =  2.H12 -f- •^'>*Io  '  «•> 
kilogrammes  on    the  square  centimetiv.     Thus,  taking  the   la.-t   lino. 
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which  contains  the  strongest  but  least  ductile  compositions,  we  find  the 
following  tenacities:  The  alloy  Z  =  1,  T  =  18  will  also  contain  Cu 
=  100  —  19  =  81,  and  this  alloy,  Cu  81,  Zn  1,  Sn  18,  should  have  a 
tenacity  of  at  least  T„  =  40,000  +  (500  X  1)  =  40,500  pounds  per 
square  inch;  T^^  =  2,812  +  (35-15  X  1)  =  2,847  kilogrammes  per 
square  centimetre.  The  alloy  Cu  60,  Zn  5,  Su  16  should  have  at  least 
the  strength  T„  =  40,000  +  (500  X  5)  =  42,500  pounds  per  square 
inch;  T^^  =  2,812  +  (35-15  X  5)  =  2,988  kilogrammes  per  square 
centimetre,  etc.  These  are  rough  working  formulas,  that,  while  often 
departed  from  in  fact,  and,  while  purely  empirical,  may  prove  of  real 
value  in  framing  specifications.  Where  the  composition  is  that  of 
brass  rather  than  bronze  this  line  of  alloys  exhibits  more  toughness. 
The  alloys  Cu  55,  Sn  2,  Zn  43,  and  Cu  55,  Sn  0-5,  Zn  44-5  were 
quite  excellent  in  this  respect.  Tin  reduces  ductility  more  rapidly 
than  does  zinc. 

Prof.  Thurston  deduces  the  following  equations,  T:=  30,000  +  1,000  t 
+  500  Zand  T'=2,109  +  70-3t-|-35-15z,  which  he  says  cover  the  whole 
field  of  copper-tin-zinc  alloys  useful  to  the  engineer,  i.  e.  in  which  4  t  + 
2  <  50.  But  it  must  be  understood  that  this  approximate  statement  of 
tenacities  is  a  minimum  for  well  made  alloys,  and  is  also  applicable  only 
to  those  containing  a  larger  percentage  of  copper  than  to  those  which  lie 
along  the  maximum  line ;  the  alloys  to  which  they  apply  are,  however, 
the  best  alloys  for  general  use.  The  ductility  of  these  alloys  is  a  sub- 
ject of  quite  as  much  interest  to  the  engineer  as  their  strength,  and  in 
this  quality  the  triple  alloys  are  as  variable  as  any  other.  There  is  a 
territory  which  is  valueless  as  far  as  ductility  is  concerned,  and  it  is 
bounded  by  a  slightly  curved  line,  to  which  a  line  having  the  equation 
2-5  t  +  z  =  55  is  nearly  tangent.  The  alloys  lying  along  this  line 
have  nearly  equal  ductility,  extending,  according  to  the  measurements 
obtained  by  the  autographic  machine,  about  "03  per  cent.  Above  this 
line  is  another  having  nearly  the  equation  4  t  +  z  =  50,  which  last 
line  is  that  of  equal  ductility  for  alloys  exhibiting  extensions  on  the 
strain-diagram  of  3  per  cent.  Still  nearer  the  pure  copper  corner 
fairly  representing  alloys  containing  about  3f  t  +  z  ^  48,  and  along 
which  the  extensions  as  per  strain-diagrams  were  7-3  per  cent.,  and 
another  such  line  extending  from  the  standard  gun  metal  compositions 
on  the  one  side  to  the  tough  Muntz  metal  on  the  other — Cu  90,  Sn  10, 
to  Cu  55,  Zn  45 — of  which  the  equation  is  nearly  4-5  t  +  z  =  45 — 
represents  and  identifies  alloys  averaging,  as  cast  during  this  initial 
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research,  an  extension  of  17  jier  «*«nt.  Tli«;ie  lines  are  bert  seen  on 
the  sheet  of  extension,  Fij^.  "),  All  alloys  lyin^  aUjve  the  lino  taken 
here  its  a  iKtundary  line  ^'ive  ti^Mins  for  t'-narity  tiiat  are  tniiailv  <"«.n- 
8i(lere<l  j^mkI  ;  they  all  excee<l  ;}(i,(KM)  jmmiikI-  jmt  s/ju.ip- inch  (2,109 
kilogniinmes  per  «|uare  centimetrej. 


/ 


/ 

Fli».  6.— DUCl'II.ITY  OK  t-OIM'KK-TI.N-ZIXC  ALI>»VS, 

It  is  se«>n  that  the  aiMition  ot  tin  and  of  zinc  to  i«st  c<ipix?r 
increases  the  tenacity,  at  lojjst  nj)  to  a  limit  markfnl  hy  the  line  3  t 
-f  J5  =  T)'),  and  that  the  iuflncnce  of  tin  is  n«':»rly  twiif  as  ^rcat  as 
that  of  zinc,  while  the  limit  of  useful  etVect  is  not  n-ache*!  in  the 
latter  cjiso  until  the  amount  a<ldi^l  N^-onvx  ver>*  nuich  •jn-titer  than 
with  the  fornuT  ••las-.,  the  c«>|)|Hr-(in  alloys.  Bras8*cs  can  l)e  olitaint'rl 
which  are  stn>nj;er  than  any  hronzes,  an«l  the  ductility  of  the  work- 
injj  com|M»sitions  of  the  former  chuv*  ^rr'ncrally  irrcritlv  cxcrf>«l<  that 
of  the  latter.  So  sensitive  is  zinc  to  the  presence  of  tin  that  M. 
Bischof  states  that  he  can  detect  the  addition  of  one  part  of  tin  in 
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ten  millions  of  pure  zinc.  TJie  range  of  useful  introduction  of  tin 
is  very  much  more  restricted  than  with  zinc;  alloys  containing  12 
to  15  per  cent,  tin  are  so  hard  and  brittle  as  to  but  rarely  find 
application  in  the  arts,  while  brass,  containing  40  per  cent,  zinc,  is 
about  the  toughest  and  most  generally  useful  of  all  the  copper-zinc 
"  mixtures."  The  moduli  of  elasticity  of  these  alloys  are  remark- 
ably uniform,  more  than  one-half  of  all  those  here  described  ranging 
closely  up  to  fourteen  millions,  or  one-half  that  of  well  made  steel 
wire,  such  as  is  used  in  the  New  York  and  Brooklyn  bridge.  The 
moduli  gradually  and  slowly  increase  from  the  beginning  of  the  test 
to  the  elastic  limit. 

The  fracture  of  these  alloys  is  always  indicative  of  their  special 
characteristics.  Those  broken  by  torsion  in  the  autographic  machine 
were,  if  brittle,  more  or  less  conoidal  at  one  side  of  the  break;  duc- 
tile alloys  yield  in  similar  circumstances  by  shearing  in  a  plane  at 
right  angles  to  the  axis  of  the  test  piece ;  the  former  resembles  cast- 
iron,  and  the  latter  have  the  fracture  of  wrought-iron.  Every  shade 
of  gradation  in  this  respect  is  exhibited  by  an  observable  modifica- 
tion of  the  surface  of  fracture,  varying  from  that  characteristic  of 
extreme  rigidity  and  brittleness,  through  an  interesting  variety  of 
intermediate  and  compound  forms,  to  that  seen  in  fracture  of  the 
most  ductile  metals. 

Thus  the  field  has  been  reconnoitered  by  Prof.  Thurston,  and  Mr. 
Coster  has  been  guided  in  his  researches  by  the  indications  here 
given,  and  thus  has  been  saved  a  great  deal  of  time  and  money  We 
may  now  proceed  to  give  an  abstract  of  these  labors. 

Part  IV. 

Tlie  Strongest  Bronze. 

Prof.  Thurston  having  laid  down  'the  boundaries  within  which  the 
useful  alloys  of  copper-tin-zinc  are  to  be  found,  Mr.  Maurice  I.  Coster, 
M.E.,  under  his  direction  and  supervision,  carefully  investigated  the 
enclosed  field  and  embodied  the  results  of  his  labors  in  a  paper  of 
which  the  following  is  an  abstract.  Mr.  Coster  began  his  work  by 
forming  two  series  in-order  to  fix  more  accurately  this  particular  part 
of  the  field.  When  its  boundaries  were  approximately  defined,  three 
other  series  were  proposed,  in  which  the  alloys  were  made  to  differ  by 
smaller  percentages. 
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The  coj)|H'r  employed  in  tln-se  investij^ation.s  was  the  l^est  I^ke 
Siipcriftr  nutal  ;  the  tin  wil**  the  Ix-^t  Jiaiieji,  au<l  the  ziiie  the  Usit 
Lehij^li  wliich  wjuld  Ix*  pnxured  in  the  market.  Tlie  total  aiuouiit  of 
metal  weighed  out  for  ejieh  bar  w;w  Ah  kilojjrammes  fur  every  .•^-ries 
except  the  stxyjiKl,  in  whi<h  it  was  l,o(X)  grammes.  The  weighings 
were  made  in  the  Physical  Lnhoratory  of  the  Steven-  Institute  of 
Teehnology,  on  tlie  I'.S.  standard  halan^-e  to  within  1(>  milligrammes, 
riie  (•:ustings  were  made  in  a  vertical  iron  mould  28  inches  long  and  of 
1  square  inch  internal  cross-.-cction.  The  inner  surfaff  of  the  mould  was 
coated  with  a  mixture  of  charcoal  dust  and  water.  In  the  thinl  and 
subsecjuent  series,  plumlwgo  was  substituted  for  ehan'oal  dust,  and  this 
gave  more  satisfactory  results,  the  friction  between  the  Uir  and  the 
mould  l)eing  thereby  nejirly  eliminate<l. 

The  mi>tlio<l  of  casting  was  as  follows:  The  eop|KT  was  first  melted 
ami  raised  to  a  sufticiently  high  tenijK'rature  to  allow  the  addition  of 
tin  witlioiit  solidifying.  The  zinc,  after  JK-ing  wrapj>e<l  in  a  jii^-tv  «.f 
paper,  was  intr<Mlu<'«Hl  in  the  molten  metal  and  kejit  iielow  the  surface 
by  means  of  a  j)air  of  tongs,  thus  preventing  its  coming  in  contact 
with  the  air  and  its  con.sequent  volatilization.  ( 'harcoal  dust  in  >utfi- 
ciently  large  quantities  wjis  thrown  into  the  crucible  and  thus  oxida- 
tion was  almost  prevented.  The  metal  was  then  well  stirre<l  with  a 
stick  and  the  crucible  taken  out  of  the  furnace.  A  few  minutes  before 
pouring,  the  tin  was  ad<led  ami  the  alloy  well  agitateil  to  c^u.-^e  a 
thorough  mixture  of  the  metals.  The  dro>s  having  been  removed 
from  the  surface,  the  metal  was  then  pouretl  into  the  mould — immiili- 
ately  after  the  tempenitun-  ti-st,  to  Ik'  deri<-riU'<l  presently,  was  ma«K — 
and  then  alloweil  to  cool.  It  was  deemetl  atlvisable  to  determine  lor 
future  reference  the  tem|K'nitures  at  which  the  alloys  were  («st,  since 
this  is  supj)ose<l  to  have  some  influence  ujmn  their  .striMigth  anil  other 
(jualities.  The  metluxl  cmployeil  wjls  the  sjime  jts  that  us«l  by  Messrs. 
l>evi  and  Kunzel  in  their  ex|H'riments  on  "  pluviphor  bmnze."  As  soon 
as  the  casting  was  taken  out  of  the  mould  the  series  number  was 
markeil  on  it  in  black  paint  and  the  top  at\d  l>ottom  jwirts  were  ilesig- 
nateil  by  the  leitei-s  A  and  W  resiHttively.  This  distinction  was  maile 
to  enable  the  ol»server  to  determine  the  ditferonce  in  pn>pertits  of 
various  ptutions  of  the  Imr,  and  also  to  jissist  him  in  ilettvting  the 
extent  of  the  li(]uation  which  t<H)k  plaiv  in  some  of  the  civstings. 

The  first  test  Xo  which  the  Iwrs  were  subjectetl  was  by  transverse 
stress ;  after  this,  the  remaining  jwrtions  of  the  Ixirs  were  turne*!  in  a 
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lathe  for  tensile  specimens.  From  the  results  of  the  transverse  and 
tensile  tests,  curves  were  constructed  whose  ordinates  represent  the 
loads  and  the  abscissas  the  corresponding  deflections  and  elongations. 
By  comparing  these  curves  the  general  properties  of  the  alloys  can  be 
studied,  and  the  experienced  eye  can  tell  at  a  glance  if  the  metal 
represented  by  a  curve  will  answer  the  purposes  for  which  it  is 
intended  to  be  used.  The  fractures  having  been  described,  after  the 
test  pieces  were  broken  they  were  turned  into  specimens  to  be  tested  by 
torsion.  Pieces  of  about  one  inch  in  length  were  cut  off  the  cylindri- 
cal part  of  the  broken  tensile  specimens  for  use  in  the  determination  of 
specific  gravity.  They  were  cut  off  near  the  middle  of  the  bar  and  as 
far  from  the  fractured  ends  as  was  possible,  in  order  to  obtain  the  por- 
tions which  were  the  least  disturbed.  The  torsion  specimens  were 
made  one  and  three-eighths  inches  at  the  ends  and  one  inch  between 
the  shoulders  and  five-eighths  diameter;  thus, 


k. 

Fig.  6. — test-piece. 

Some  of  the  very  brittle  alloys  could  only  be  turned  to  a  cylinder 
of  about  one  inch  in  diameter,  while  others  could  not  be  turned  at  all. 
These  Avere  then  ground  to  a  cylindrical  form  on  an  emery  wheel. 
In  calculating  the  results  it  was  assumed  that  the  torsional  moments  and 
resiliences  vary  directly  as  the  cubes  of  the  diameters  of  the  test-pieces, 
and  the  figures  obtained  were  reduced  in  this  manner  that  they  might  be 
compared  with  those  of  the  standard  diameter.  The  machine  used  for 
the  torsion  tests  was  Prof  R.  H.  Thurston's  Autographic  Recording 
Testing  Machine,  (Fig.  7.)  It  consists  of  two  strong  wrenches  car- 
ried by  frames  and  which  depend  from  axes  in  the  same  line,  but  not 
connected  with  each  other.  To  one  of  the  wrenches  is  fixed  an  arm 
which  carries  a  weight  at  the  lower  end.  Motion  is  given  to  the  other 
wrench  by  means  of  a  worm  and  gear.  T\yo  centres  are  placed  in  the 
axis  of  the  machine  and  project  into  the  recesses  of  the  wrenches ;  one 
of  them  is  fixed,  while  the  other  is  movable  and  has  a  spring  pressing 
behind  it.  The  specimen  to  be  tested  is  placed  between  the  centres 
and  fastened  to  the  wrenches  by  a  set  of  steel  wedges.     Its  axis  is  thus 
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iimrl*'  to  CH)inci(U'  with  that  <>|  th«-  iiia(*hliM-.  a  n-j-ult  which  could  not 
:ilw!iv«  Ik'  attaiufnl  with  thf  *U'*\  rhiukx  lormrrly  \\y*-*\.  A  pji<l*' 
•  urvc  iH  HCftirMl  to  oru'  of  th<'  fniriK-s,  ami  i*  of  -uch  a  form  that 
itH  onliiiati-H  an*  pro|K)rtional  to  th<'  torsional  moment.'*  exerted  by  the 
w('i^ht«-<l  arm.  while  iiuiviiij;  up  th«-  an-,  to  whirh  the  eorr*  - 
uhs4i>.sL'^  of  the  <iirv«'  .ire  |)ro|M*rtional.      A    |M'nril-h<>l<hr  i 


FlO.    7.  -  AllouHAIIIU-  TI->TINO  MACHIXK«»K  I'UoK    TIIIIUSTON. 

nil  this  arm  aiiti  the  |M-iieil  is  |>iisheil  forwanl  l»y  the  piide-<iirve 
as  the  arm  is  fon****!  out  i»f  the  vertical  |>usition.  The  movement 
of  the  |K?neil  is  thus  made  |)n>|>ortional  to  the  fonv  which,  tran*^ 
iiiitt«xl  thmu^li  the  te-«t-pi<N'e,  pro<lu«-<-s  deflfvtion  of  the  wciL'ht«>il 
arm.  The  other  wrench  ijirrit-s  a  cylin«ler,  u|)on  which  the  |»a(»tr 
re<'«'ivinj»  the  rec<»nl  is  clam|H'<),  and  the  |M-ncil  makeo  its*  mark  on  the 
talth-  tlm<  pn)vi«le<l.  This  tahle  haviie^  a  motion  relatively  to  the 
[HMK  il,  which  is  prci'isely  the  niative  angular  motion  of  the  two 
extri'inities  of  the  te?<te<!  sjKXMmen,  the  curve  tlencrilieil  up»in  the  |Ki|»er 
is  always  of  such  a  form  that  the  ordinate  of  any  |H>int  nii-nsnn*^  the 
amount  of  the  distorting  fonv  at  a  «>i  rtain  instant,  while  its  al»*Ms.-^ 
me:u«ures  the  distortion  prxlut'iN!  at  the  same  inxtant.  The  diairmms 
ol)tain<<d  hy  this  ma(*hine,  when  interpreteil,  will  give  relative  niensunv 
of  the  stHMiijth,  <iuctility,  and  n'«.ilicn»v  of  the  materiaU,  an«l  will  al-» 
WiioLK  No.  Voi^  CXVII.—  TiiiKi'  Si  Kii-v  Vol   Ituvil.  18 
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indicate  their  degree  of  homogeneity.  Some  of  the  alloys  of  the  first 
and  second  series  were  so  weak  that  no  cnrves  indicating  their  proper- 
ties could  be  obtained  if  they  were  tested  with  the  large  weight  attached 
to  the  machine.  A  weight  of  30  pounds  was  then  substituted  and  in 
several  cases  no  auxiliary  weight  was  used,  the  weight  of  the  arm  alone 
being  sufficient  to  break  the  specimen. 

All  broken  specimens  were  carefully  stored  in  trays  made  especially 
for  this  purpose,  and  can  be  referred  to  at  any  time.  The  turnings  of 
the  tensile  pieces  were  all  preserved  in  packages  and  laid  aside  for 
chemical  analysis.  The  outside  and  inside  turnings  of  the  tension- 
pieces  were  preserved  separately  for  analysis,  in  case  it  should  be 
desired  to  determine  the  difference  in  composition  near  the  surface 
and  near  the  centre  for  those  alloys  where  lateral  liquation  had 
taken  place. 

In  order  to  ascertain  what  results  would  be  obtained  by  casting 
together  brass  and  bronze  of  known  properties,  the  first  series  of  triple 
alloys  was  prepared  in  proportions  based  upon  results  obtained  in 
Prof.  Thurston's  work  as  the  strongest,  weakest,  most  and  least  resilient 
of  alloys ;  and  by  various  combinations  of  these,  twelve  alloys  (in- 
cluding "  Tobin's  alloy ")  were  obtained.  As  the  writer  confined 
himself  in  his  own  labors  to  the  results  obtained  by  the  Auto- 
graphic Recording  Machine,  we  will  omit  the  statement  of  results 
obtained  in  the  transverse  and  tensile  tests,  fully  described  by  Mr.  Cos- 
ter in  his  paper,  and  pass  to  those  results  which  he  obtained  from  the 
torsion  tests,  which  were  strictly  concordant  with  and  more  instructive 
than  the  former. 

Ist  Series. — The  areas  of  the  autographic  strain- diagrams  were  com- 
puted with  an  Amsler  plan i meter,  and  the  resilience  from  the  data 
thus  found.  No.  5  (Cu.  88-135,  Sn.  1-865,  Zn.  10),  was  made  up  of 
the  most  resilient  bronze  and  brass,  and  its  resilience  was  less  than 
that  of  either  of  its  components.  No.  G  (Cu.  45,  Sn.  23*75,  Zn.  31*25) 
composed  of  the  least  resilient  bronze  and  brass,  was  less  resilient 
than  the  brass,  but  more  so  than  the  bronze.  No.  7  (Cu.  66-885, 
Sn.  1*865,  Zn.  31-2),  formed  of  the  most  resilient  bronze  and  the  least 
resilient  brass,  was  much  less  resilient  than  the  bronze,  but  consider- 
ably more  so  than  the  brass.  No.  8  (Cu;  66-25,  Sn.  23*75,  Zn.  10), 
was  made  of  the  least  resilient  bronze  and  the  most  resilient  brass. 
It  was  less  resilient  than  either  the  bronze  or  the  brass.  No.  4  was 
so  brittle  that  it  was  not  tested  at  all.     The  greatest  resistance  to  tor- 
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.lion  of"  all  the  Itars  rjf*  tin*  y^'r'w^  wiir^  rxliil>iti-<|  by  No.  7.  ami  tin-  in«iii 
of  its  torHioiiul  inoriufiitx  eXi-ftHknl  that  of  ull  tin*  otlH'i>.  It  w:u»  of  a 
niorr  li<iiiioj;ctic«»n.'*  Htmctiin*,  and  may  Im-  itMi.HiiicriHl  tin*  Ijot  nHoy 
1)1"  tin-  .M-rif-M.  No.  4  was  tin*  ni<»st  Itritfh"  of  tlif  M-rif**,  ami  also  the 
l<'a*<t  n'.silient.  No.  5  was  tho  lno^t  ihu-tih*  and  tin-  n>ost  ivsili«*nt. 
No.  12  (Oil.  08-2-J,  Sn.  2M),  Zn.  ;5J>-4H)  was  shown  hy  all  thr-  tis^t- 
to  1m'  the  stion^;«-st  alloy  ti-st^l  in  tin*  M»iliani«-jil  I^ilMimton-.  It 
oxc<'<'(h'<l  ^«km1  wrought  iron  in  stn-n^jth,  and  wa-  snfli«-i«-ntly  n-siii- 
ciit  to  n>siHt  sIkm-Ivh.  Its  rnoiluliis  of  chiMtirity,  a^  (ultiilatfl  from 
tin-  transvcrs*'  t«*t,  is  1  1  ,VHI.(MM>.  From  tin*  n>nlts  ohtain^l  l>y  th»» 
alloys  of  this  series,  it  i.s  i'vident  that  it  thus  not  nttt-swyirily  follow 
that  two  alloys  whirh  ai^^  s<'|>arjit«'ly  ^mmI  and  Htnmjr,  or  p^ior  and 
w<'ak,  and  an*  comixis^l  of  <lit!fTent  metals,  will,  wlwn  f:tst  t<>j;«'thrr, 
^ivc  an  allov  which  is  similarly  strong  or  wrak. 

,'il  Srriix. — 'I'liis  s«'ri<'s  was  made  up  to  cnahle  a  rhus^T  a|i|>r«>xin)a- 
ii<»ii  to  hf  mad<-  iM'fore  invj'Stijpitin^  iletaiU.  In  this  net  .'l»5  alloys 
wrrc  made  l>v  ailowin)^  all  |Mi*sil»lr  roruhinations  ohtainahh-  l»y  a  «lif- 
ferener  of  lo  jHT  e<'nt.  ill  thni*  metal".  They  were  !♦  in<-hes  lon^  and 
fioiii  most  of  them  two.s|Kfimpns  wen*  ohtaiiUNl.  It  wa-  atteinptiti  t«) 
eoiii|>ress  the  hars  of  this  s«Ti«*s,  while  Hiii<l  ;  luit  it  was  found  impnie- 
ti<:il»le  owin^  to  the  Hmall  amount  of  m«-tal.  In  the  fev.*  •■:i"<-s  in 
which  the  compn-ssion  was  made,  the  efftn't  wa.s  .so  triHin);  that  no 
in«Tt"ase  of  strength  could  \m>  notiei.**!.  In  jjeneral,  the  luin*  of  this 
M'ries  were  n»tt  as  str«ui^  as  thos4'  of  the  tirst  s^-rii-s ;  tiiis  may  have 
Ini-n  due  to  the  fact  that  the  other  Icirs  weic  nejirly  thn-*'  tim«s  as  lon^ 
aiitl  were  thii"  ca^t  under  a  i;n*:»t«'r  pressure.  From  the  trianj^le  of 
maxiniuni  tofoional  moments  we  tiotice  that  if  the  amount  of  tin  '' 
not  c\cc«tl   1(»  per  «'«'nt.,  the  alloys  are  strengthen*'*!   I»y  an  inenM- 

•ppcr  up  to  *JO  |Mr  <'«'iit.  ha  fnrther  addititui  «»f  ct>p|M'r  tak«s*  plaiv, 
the  alloys  ^mduallv  iHM^ime  hritth*,  and  when  the  ci>p|»»>r  amounts  to 
r)(i  |H-r  <*«>nt..  coinpoNitions  an>  ohtaine*!  which  an>  s«i  hrittle  as  to  Im> 
pnictic:illy  worthh"!**.  If  more  o"»p|M»r  is  a<lde<l  the  alloys  beyin  to 
increase  in  stn-njjth  nntil  a  nniximnm  stnMi^h  is  attaimxi  for  the 
ijreatcst  |M'nH'ntai:e  of  ciipjK»r  in  their  sori*'?'.  i.  r.,  SO  |»or  <vnt.  When 
the  amount  of  tin  ex«"<i<«ls  -40  |>er  o-nt.  the  alloy  licotmes  wi-riker  a-  the 
|M'nx>ntJuje  of  («opper  is  inennts^ti.  I'p  to  20  |»er  wnt.  of  cop|ier  an 
incTeas*'  of  tin  ciuis4's  a  di<«"n-.is«'  of  stn-n^th  and  an  incn-i-4'^1  ! 
BetwiH'n  *J0  |H»r  cent,  ami  40  |H^r  <*ent.  of  copjM>r  it  -HX'njs  that  i: 
l»et>»n»e  stmn^er  for  an  inemis*'  of  tin  up  t«>  20  per  c'ent.     Thcv  then 
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become  weaker  as  the  tin  is  further  increased.  When  the  amount  of 
copper  exceeds  40  per  cent,  an  increase  of  tin  again  appears  to  weaken 
tlie  alloy ;  this  is  only  true  when  tlie  least  quantity  of  tin  amounts  to 
10  per  cent,  as  in  this  series.  The  results  of  the  tests  of  this  series 
show  that  more  than  five-sixths  of  the  possible  alloys  are  comparatively 
worthless  and  that  it  -would  not  be  worth  the  expense  and  time  neces- 
sary to  investigate  this  part  of  the  field  more  fully. 

3d  Series. — This  scries  consisted  of  24  bars  of  the  same  length  as 
those  of  the  first  series.  A  line  was  drawn  from  45  per  cent,  of  copper 
on  the  zinc  side  of  the  triangle  to  72*5  per  cent,  of  copper  on  the  tin 
side.  These  points  represent  the  percentage  at  which  the  change  of 
color  and  increase  of  strength  in  the  brass  and  bronze  alloys  takes 
place.  The  alloys  of  this  series  were  all  located  in  the  portion  of  the 
field  containing  all  the  more  useful  compositions  and  they  were  made 
to  vary  in  regular  order  by  5  per  cent.  The  castings  of  this  and  sub- 
sequent series  had  smoother  surfaces  than  those  of  the  preceding  and 
none  of  the  bars  were  broken  in  the  mould.  A  volatilization  of  the 
zinc  took  place  during  the  pouring  of  the  molten  metal  in  the  first 
three  numbers  of  the  series.  Mr.  Coster  found  a  great  difference  in 
the  results  obtained  from  the  upper  and  lower  ends  of  the  bars;  the 
upper  end  giving  the  more  favorable  results;  thus,  in  one  case,  the 
upper  end  had  a  maximum  abscissa  of  53*2°  while  the  lower  end  was 
turned  through  an  angle  of  but  9' 9°  when  it  broke.  The  great  differ- 
ence between  the  curves  of  these  two  portions  of  the  bar  can  be 
imao-ined  when  it  is  known  that  the  former  had  an  ordinate  of  0*92 
inch  at  the  elastic  limit  and  a  maximum  ordinate  of  1*76  inches,  w4iile 
the  other  end  had  for  its  ordinate  at  the  elastic  limit  1*38  inches  and 
for  a  maximum  ordinate  1'56  inches.  The  general  laws  followed  by 
the  curves  representing  the  properties  of  the  alloys  of  copper,  tin,  zinc 
were  approximately  determined  from  the  results  of  the  test  of  this 
series.  For  a  certain  amount  of  copper  (when  this  exceeds  50  per 
cent.)  an  addition  of  tin  increases  the  brittleness,  while  zinc  increases 
the  ductility  of  the  alloy.  If  the  amount  of  copper  is  increased  it  is 
necessary  also  to  increase  the  tin  in  a  certain  ratio  in  order  to  obtain  an 
alloy  of  about  the  same  percentage  of  ductility.  It  was  shown  by  the 
result  of  tests  of  this  series  that  5  per  cent,  of  tin  will  cause  the  alloy 
to  be  brittle,  unless  it  contains  about  65  per  cent,  of  copper.  When 
the  composition  has  80  per  cent,  of  copper,  10  per  cent,  of  tin  will 
make  it  quite  ductile,  while  15  per  cent,  of  tin  will  render  it  rather 
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hrittlf.  Ili-ncc  flu-  atnoiiiit  of  tin  iici-cssarv  to  make  a  iisi'fiil  and 
strong  alloy,  nvIh'Ii  tin-re  i«  HO  |mt  r«int.  of  copjjer,  li«  somewhere 
hM'twrcn  10  [XT  <niit.  atnl  l/>  |>er  <<-nt,  ati«l  an  allov  f"«)in|M>.e<I  of  C'u 
i<0,  Sii  J  2"),  /u  7'">  will  yt'vy  iiKirlv  n-pp-xiit  tli*-  U-?*!  |»ro|K»rtiorH. 

Jfth  SericH. — This  HerieH  couHiHte*!  of  hut  five  hIIov.h  whirh  were 
ohofw^-ii  without  n'<.ranl  to  rej^Milaritv  in  •liffi-n-tui'  of  Miin|Ki-iiioti,  hut 
to  (leterniiiie  Hitne  douhttul  |X)iiiL'<  previous  to  tin*  {>n'|Kiratiun  of  the 
final  wries.  No.  1  (Cn  56,  Sn  0*5,  Zn  •44'5)  contained  hut  Oo  |mt 
e<'nt.  of  tin  and  is  the  only  lnstan«'e  in  tlu-  rntin'  inv^-sti^pition  wln*re»o 
xniall  an  amount  of  any  o(  the  metals  wil^  intnxluc^il  in  an  alloy. 
TluH  was  ilone  in  onler  to  itseertain  the  effwt  of  -^i  small  a  jM-ni-ntii^ 
wIkmi  addrd  to  an  alloy  of  known  proiM-rti*-?*.  This  allov  wit-  hm.* 
(Mnntz  rn»tal.  n(':irly),  aixi  O-.')  jK-r  <<nt,  of  tin  wa-*  Mihotitutiil  for  zinc, 
thus  lc:»vin^  hnt  J  lA  jxr  ei-nt.  of  ziiH-.  The  >mall«-st  i|uantity  of  zinc 
in  any  of  the  hars  of  the  M'TM^  wax  2*o  |kt  eent,  in  No.  5  (Cu  82*5, 
Sn  1 '),  Zn  *2./)).  TIm-  wei>:hin^,  ••3r-tinp<,  rte.,  w«'r»'  mad«'  as  l»^fori'. 
The  ^reat  dillinuM'  in  ductility  l>etwttMJ  tin*  two  ends  of  the  liars, 
alluded  to  in  th«'  pre<*<'<ling  series,  was  more  marke<i  in  No.  2(Cu  •>7*'>, 
Sn  r>,  Zn  27*')|  than  in  any  othrr  alloys  thus  far  trste<i.  Th«*  upjMr 
end,  No.  2  A,  was  turne«l  through  an  anj;h'  «>f  7oS",  whih-  the  lowtT 
end,  H,  hroke  after  it  was  tunn-i!  throui;n  7-5*',  the  latter  l)ein^  onlv 
al)out  10  jxT  cent,  of  the  former.  This  ilifference  of  stmeture  was 
exhihited,  in  a  n)or«' or  le>s  inarknl  d«ijn"«',  hy  all  th«*  Iwrsof  this  s<ri«rs. 

f)th  Ser'u'H. —  From  thr  results  of  the  pre«'«ilin^  si-ri^^,  it  wsis  i-iwx- 
olu<k'<l  that  th«'  m«»st  us<ful  alloys  whi<"h  n>main  to  Ik*  investij»ate<I  are 
hxiiteil  Ix'twcen  the  lin«'  drawn  from  SH  p«'r  «x'nt.  of  «'«ip|M»r  on  the 
bronze  si<le  of  the  triangle  to  ♦j.i  j>er  e«'nt.  of  <^)p|K.*r  on  thr  hniss  side, 
and  from  S.'i  j>er  wnt.  of  (x>pper  on  the  hronze  skle  to  5')  jkt  wnt.  on 
the  hnuss  side.  Thr  alloys  in  this  part  of  tin-  trian^lr  were  now  nnule, 
varying  hy  2'.')  jht  «vnt.,  omitting  tlnNf  whieh  had  alretidy  Utu  t»">t«««l 
and  a  few  which  were  not  al>s«»lutely  ntH>'ss;irv  to  the  iletcrininatiou  of 
the  laws  of  variation  of  stn-n^th.  The  series  consiste«i  of  twelve  Imrs 
of  the  same  lenj;th  as  th<»s<>  of  the  1st,  'M  an«l  4tli  s*ri«->.  No  .  IiaiiL,'»"s 
wen'  matle  in  the  nKtluxls  of  w«i^hinij  or  aistiu'^.  IIh-  ^-'ldt^ 
ohtaineti  fully  <s»nfirme<l  the  previi>us  determination^.  It  wa-*  found 
that,  in  nearly  all  th*-  hars,  the  up|x'r  |x>rtion  was  <'on«id<nd)lv  m<>n« 
ductile  than  the  lower  an«l  also  p'ucndly  stnm^'r.  .Ml  the  luirs  of 
this  wrira  were  strong;  alloys;  the  stronjrwt.  No.  1  (Cu  iK),  Sn  2*6, 
Zn  37".')),  had  a  m«ui  maximum  torsional  moment  of  2 1  »j  ftH)t-|xiunds, 
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and  the  weakest,  No.  7  (Cu  72-5,  Sn  10,  Zn  17'5),  15.2  foot-pounds. 
It  appears  from  these  results  that  all  the  alloys  located  between  the 
lines  forming  the  boundaries  of  the  set  of  compositions  experimented 
on  in  this  series  are  useful  and  strong.  Commencing  with  the  strong 
brasses  on  one  side  of  the  triangle,  greater  strength  is  obtained  when 
any  appreciable  amount  of  tin  is  added  :  as  the  quantity  of  tin  is 
increased,  the  alloys  continue  to  be  superior  in  strength  to  either  the 
brasses  or  the  bronzes;  but  their  strength  gradually  decreases  with  the 
diminution  of  the  amount  of  zinc,  if  the  alloy  contains  more  than  60 
per  cent,  of  copper,  until  we  obtain  the  strong  bronzes  on  the  other 
side  of  the  triangle.  An  addition  of  tin  for  the  same  amount  of  copper, 
if  this  does  not  exceed  30  per  cent.,  increases  the  ductility  of  the  alloy. 
In  alloys  containing  40  per  cent,  of  copper  a  substitution  of  tin  for 
zinc  does  not  seem  to  affect  the  ductility  either  one  way  or  the  other. 
If  the  alloys  contain  more  than  40  per  cent,  of  copper  an  increase  of 
tin  always  causes  a  decrease  of  ductility.  The  most  ductile  alloy  was 
No.  8  B,  2d  series  (Cu  10,  Sn  80,  Zn  10),  which  had  an  angle  of  tor- 
sion of  418*4°  ;  none  of  the  other  alloys  tested  contained  such  a  large 
quantity  of  tin.  From  the  percentage  of  extensions  of  the  alloys  hav'- 
ing  a  torsional  moment  of  more  than  150  foot-pounds,  and  strength  of 
more  than  35,000  pounds  per  square  inch,  four  curves  of  maximum 
strength  with  a  certain  percentage  of  extension  have  been  constructed- 
The  lowest  curve  thus  plotted  on  the  triangle  has  an  extension  of  0*03 
per  cent,  and  connects  the  points  representing  the  strong  brittle  alloys. 
It  starts  at  43  per  cent,  of  copper  on  the  brass  side  and  cuts  the  bronze 
side  of  the  triangle  at  77  per  cent,  of  copper.  The  other  curves  have 
an  extension  of  3,  7*3,  and  17  per  cent,  respectively.  They  all  appear 
to  converge  to  a  point  to  the  right  of  the  brass  side  and  agree  nearly 
with  arcs  of  circles  of  about  14  inches  radius.  By  means  of  these 
curves  of  extension  alloys  of  different  degrees  of  ductility  can  be 
selected.     (See  Fig.  5.) 

General  Bemarks. — The  effect  of  tin  upon  alloys  of  copper  and  zine 
can  be  compared  to  that  of  carbon  on  wrought-iron.  Commencing 
with  brass  of  about  55  per  cent,  of  copper,  which  is  of  itself  ductile 
and  strong,  we  obtain  by  the  addition  of  a  small  percentage  of  tin  an 
alloy  of  much  greater  strength,  having  a  higher  modulus  of  elasticity, 
but  not  quite  as  ductile.  By  further  addition  of  tin,  up  to  about  2.5 
per  cent.,  the  alloy  becomes  gradually  less  ductile,  but  it  increases  in 
strength.     If  more  tin  is  added  we  obtain  compositions  which  become 
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iijon*  brittle  jih  tlio  tin  is  iii<ri:L»<i|.  :iii<|  :it  tli<-  s.-mi'  tiiiif  «if<T»-:i-^'  ill 
Mtren^tii.  A  .-lijrht  iiKMiirM-jitjoii  of  |)r<>|>4)rtiunM  f>ft«Mi  caiiM-^  very  j^n-at 
dianf^  in  the  proiHTti*-?*  «»t"  tlie  aIlo\>,  a-  \u\.i  Ixfii  notiMil  in  No.  1, 
4th  K<'ri«'"<,  when-  <»•'>  jmt  <'«Mit.  of  tin.  .I'Mt  1  to  onliimn*  lini"**,  re^ullwl 

ill  ^iviiiu'  ail  allov  Mtn>ii-jcr  than  wrnii^ht-iron. 

(To  b«  concladc«l.) 


"lilK  liKiriSlI  TAIKMS,  I)|:sI(;ns.  am.  IUADIvM  AKl^- 
ACToi  IKS.;,"  IN  UN  uki.ation  to  AMKUK'AN  IWI'X K  »i:>. 


liv  (j.  Mou(iAX  Klduiikjk. 

(aeitd  Nt  tlip  MtMtt^l  MiN-iliiK.  \S'<vlntMulny,  I»«>o<>nil>4>r  19,  U 


( )ii  ilu-  first  «tf  th<'  «ominj;  y«ir  a  new  enatiinent  ^;f>es  into  o|Hrntion 
ill  l'!ii;;laiiil,  \vhi<-|i  to  some  extent  inodities  the  prei«ent  |Kitcnt  Kystero 
of  that  country  ;  an<l  in  vi«'\v  of  the  fart  that  many  eiti/ni*  of  tht* 
IJiiittHl  States  have  alreaily  taken  out  patents  then*,  ami  that  un«hT 
the  new  hiw  many  mor(>  will  prohahly  do  M^^  it  ix  well  to  eon^i<l«T  the 
ooiulition  of  thiii;^  uiuler  the  new  r^'^iine.  •■!<|>e<*ially  Hin<v  •tun<lrv  e«»n- 
tradietory,  and  some  ineorns-t  statements  have  apiM'tinnl  in  the  pul»li«* 
prints  in  n*j:anl  to  it. 

To  iHimniriMH*  with  one  very  im|)ortant  |>oint,  it  ha**  o»me  to  l»e 
p-nrnillv  -ujUKkMil  that  pulili<*:ition  or  introduetioii  of  n  new  invi-n- 
tion  may  thm  Im>  mad(>  then*  tor  six  monih'>,  JNt'on'  applying  tor  a 
IMitent — as  they  may  Ik?  for  two  years  in  the  United  State* — with«»ut 
injury  to  the  application.  This  impn'ssion,  however,  is  entin*ly  erro- 
nciiiis,  xifi  the  old  law  in  that  ri*s|Mvt  is  unchnnp'*!,  iinliyf*  under  circum- 
*tam>»"s  which  are  very  exceptional  and  di»  not  atVivt  the  ^rm-ral  rule. 

This  ap|M>ars  l»y  s<vtion  *J<>,  whi«'h  prnvides  that  "  Kver%*  jjn>und  on 
which  a  |»atent  mi^ht  at  the  (Htnimeno'inent  of  this  Act  !>»»  n'j»e:de«l  l»y 
itriri-  j'liritm  shall  Ik*  availahle  l»y  way  of  defeno*  to  nn  aiiioij  of  iiifrin;^^- 
mcnt,  ami  shall  also  ln>  ^^round  of  revo^-ntion." 

<  >n«' of  the  exoptions   relates  to  an   exhibition  o|"  th«-   iiiviuti 
in    industrial    or    international    «xhil>ition,   and    another    to    jint- 
lesions,  and   tnid<'snmrkit  in  sueli   fon*ipn  Statos*  a^  have  made  mutual 
arn»ni;cm»'nts  with    Kn^lanil   for  that  purp<*««';  and  the  pni'i-^ion  with 
which  tln?*«'  ex«H'ption>  are  stat«<«l    ""Iv  i....r>.  .l.-irlv  .1.  •!....«  »},.    '.-u.nil 
rule. 
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Section  39  provides  as  follows :  "  The  exhibition  of  an  invention  at 
an  industrial  or  international  exhibition,  certified  as  such  by  the  Board 
of  Trade,  or  the  publication  of  any  description  of  the  invention  during 
the  period  of  the  holding  of  the  exhibition,  or  the  use  of  the  invention 
for  the  purpose  of  the  exhibition  in  the  place  where  the  exhibition  is 
held,  or  the  use  of  the  invention  during  the  period  of  the  holding  of  the 
exhibition  by  any  person  elsewhere  without  the  privity  or  consent  of  the 
inventor,  shall  not  prejudice  the  right  of  the  inventor  or  his  legal  repre- 
sentative to  apply  for  and  obtain  provisional  protection  and  a  patent  in 
respect  of  the  invention  or  the  validity  of  any  patent  granted  on  the 
application,  provided  that  both  the  following  conditions  are  complied 
with,  namely  : 

"  a.  The  exhibitor  must,  before  exhibiting  his  invention,  give  the 
comptroller  the  prescribed  notice  of  his  intention  to  do  so ;  and, 

"  b.  The  application  for  a  patent  must  be  made  before  or  within  six 
months  from  the  opening  of  the  exhibition." 

To  analyze  this,  which  is  strictly  exceptional,  and  therefore  goes  to 
the  extent  of  its  letter,  and  no  further,  will  show  within  what  narrow 
limit  even  this  privilege  is  allowed. 

The  right  to  apply  for  a  patent,  and  the  validity  of  the  patent  itself 
when  granted,  are  not  prejudiced  only  in  the  case  that  the  exhibition  is 
at  an  international  or  industrial  exhibition,  certified  to  be  such  by  the 
Board  of  Trade;  that  the  exhibitor  before  exhibiting  his  invention,  has 
given  the  comptroller  the  prescribed  notice  of  his  intention ;  that  the 
invention  is  used  only  for  the  purpose  of  the  exhibition  and  in  the 
place  where  the  exhibition  is  held ;  that  during  the  holding  of  the 
exhibition  any  use  by  any  person  elsewhere  is  without  the  privity  or 
consent  of  the  inventor  ;-that  publication  of  a  description  of  the  inven- 
tion be  made  only  during  the  period  of  the  holding  of  the  exhibition ; 
that  application  for  a  patent  be  made  within  six  months  from  the  open- 
ing of  the  exhibition :  or,  to  state  the  converse  of  the  proposition,  if 
the  invention  be  exhibited  at  an  exhibition  not  so  certified,  or  at  such 
certified  exhibition  without  the  prescribed  notice  to  the  comptroller,  or 
at  any  other  place  or  time  or  for  any  other  purpose,  than  at  and  during 
the  holding  of  the  exhibition,  and  for  the  jjurpose  of  the  exhibition;  or 
if  it  be  used  by  any  person  elsewhere  during  the  holding  of  the  exhibi- 
tion with  the  privity  or  consent  of  the  inventor ;  or  if  any  description 
of  the  invention  be  published  except  during  the  period  of  the  holding 
of  the  exhibition ;  or  if  application  be  not  made  within  six  months, 
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tlio  rif^lit  to  a  patent  in  lost,  and  tlu?  |>rivil<*j;c  of  six  inontlt-^  '\*  |>nuti<-ally 
liniittNl  to  the  jKrifHl  of  the  »*xliil)itiou,  as  will  plainlv  apjK^ir,  because, 
the  nse  of  the  inviiitioii  hy  the  iiiv<-ntor  on  any  day  after  the  el«**e  of 
the  exhihition  take«i  liitn  out  of  the  rxception  of  this  fhiu>»e  ;  the  use  of 
tlie  invention  by  any  jierson  anywhere  on  any  .such  day,  with  or  without 
his  knowledge,  hjLS  the  same  effect  ;  and  a  piiMit-ation  of  a  deHi-ription 
<»f  the  invention,  though  not  ppKlncinj^  that  residt  while  tlje  exhibition 
rernain.M  o|M'n,  Ixn'orncs  thus  opcrativ*'  the  day  after  it  has  ch»s<'«l,  and 
bars  his  rij^ht.s. 

The  other  exrcjition  is  oiir  wiiifh  is  not  likilv  to  iMt-oine  o|K'n»tive 
in  the  United  Stat4f*. 

Section  K).".  provide?*,  that  if  any  arninfjenient  is  made  with  any 
foreif;n  State  for  the  mutual  pron-ition  of  inv<'nti«>ns.  <l«'>ij:ns.  or  tnidr- 
marks,  the  |)«Tson  who  h:L<  applie«l  for  pr(»t«ilion  in  su«'h  Stat4'  >hall 
have  priority  over  otht-r  applicant.s,  in  the  «tse  of  a  jiatent  for  seven 
months,  and  in  the  rase  of  a  desij^n  or  trade-mark  for  f<»ur  m<»nth8, 
and  that  publii-ition  of  a  desrripti«»n  <»f  the  invention  or  the  Jis«*  th«reof 
in  Kn^laixl  durin<:  that  time  shall  not  invalidate  a  jKitent  tlieret'or, 
this  cxeeption  beinj;  limite<l  to  States  to  whi<h  it  HJiall  Ih--  iKs'lantl 
applicJible  bv  Order  in  Council,  whirh  is  n-vokabli-  at  dis<T«'tiou. 

It  is  not  probable  that  this  piitvision  will  ever  U-ctime  appli«-:ibli>  to 
tlie  United  States,  Ujcause  such  mutual  arnin^'Uient  eoid»l  enurv  imiy 
to  the  U'uefit  of  citi/.ens  of  the  l'nite«l  Stati-s,  and  not  at  all  to  subjtvt.s 
of  lOuj^laud,  who  have  now  not  only  s<'Ven  nmnths,  but  two  full  y«"ars 
iluriui^  which  they  may  apply  for  patents  without  pnjudiif  by  re:Ls<»n 
of  publi<5iti(»n  or  use,  and  therefore  there  is  notliin^  to  Iw  piven  in 
return  for  the  privilege. 

The  only  additional  eX(*eption  is  that  the  ('ommuuit':ition  <>f  an 
invention  for  an  improvement  in  instruments  or  munitions  of  war  to 
the  Secretary  of  State  for  iuv«"stijr.»tion.  and  anvthin;:  done  by  him  in 
such  iuvi-stipition  shall  not  pn-judiee  the  rights  »»t   tlu*  invent'>r. 

Any  person  or  |MTson.s,  Kn^lish  or  foreign,  may  apply  for  a  |»:iteni. 
Tlie  Act  provitles  (5}l),  that  the  applic:int  shall  declare  that  In-  is  in 
|K)ss^'ssiou  of  an  invention  of  which  he  claims  to  l>e  the  true  and  lirs»t 
inventor,  and  for  which  heapplit^  for  a  )>atent.  Nodefinitii»n  if  jjiven 
of  the  won!  inventor,  Imt  an  invention  is  detined  to  Ik*  (§4t»)  any 
manner  of  new  mauufactun*  the  subj««i't  of  letters  pntent  within  S^iion 
six  of  Chapter  three  of  the  twenty-first  yejir  of  Kin^  .laujes  the  First, 
and  is  stattni  to  include  an  allep«tl  invention,  whieb  leaves*  the  imniuing 
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of  the  word  inventor  as  under  the  old  law  in  which  it  is  synonymous 
with  introducer.  It  is  to  be  noted  that  while  the  applicant  declares 
that  he  is  the  true  and  first  inventor,  the  word  original  is  nowhere 
used  ;  so  that  plainly,  under  the  new  law,  as  under  the  old,  the  original 
inventor  has  no  rights  which  the  introducer  is  bound  to  respect. 

Amendments  and  disclaimers  may  be  made,  substantially  as  reissues 
and  disclaimers  are  allowed  under  the  American  system,  it  being  pro- 
vided that  no  amendment  shall  be  allowed  that  would  make  the 
specification  substantially  larger  than  or  different  from  the  invention 
originally  covered,  with  the  difference,  that  leave  to  amend  is  conclusive 
as  to  the  right  of  the  party  to  amend  except  in  case  of  fraud,  which 
takes  away  the  question,  so  important  in  the  United  States,  of  variance 
between  the  original  patent  and  the  reissue ;  that  a  disclaimer  may  be 
made  pending  a  suit,  the  hearing  on  which  is  postponed  for  that  purpose, 
and  then  goes  on  as  if  the  disclaimer  had  been  previously  made;  and 
that,  a  very  important  difference  (Section  20),  "  Where  an  amendment 
by  way  of  disclaimer,  correction  or  explanation  has  been  allowed  under 
this  act  no  damages  shall  be  given  in  any  action  in  respect  to  the  use 
of  the  invention  before  the  disclaimer,  correction  or  explanation,  unless 
the  patentee  establishes  to  the  satisfaction  of  the  Court  that  his  original 
claim  loas  framed  in  good  faith  and  with  reasonable  skill  and  knowledge." 

While,  undoubtedly,  the  drift  of  the  decisions  of  the  Supreme  Court 
of  the  United  States  in  regard  to  reissues  is  to  the  public  interest,  it  is 
worthy  of  consideration  whether  the  exception  in  Section  20  might 
not,  if  introduced  here,  serve  the  ends  of  justice  better  than  they  are 
served  by  the  present  law,  which  sometimes  works  great  hardship. 

Compulsory  licenses  may  be  ordered  by  the  Board  of  Trade  on 
terms  fixed  by  it  in  case — 

a.  The  patent  is  not  being  worked. 

b.  The  reasonable  requirements  of  the  public  are  not  supplied. 

c.  "Any  person  is  prevented  from  using  to  the  best  advantage  an 
invention  of  which  he  is  possessed ;"  which  last  opens  a  wide  door. 

It  would  be  well  to  consider  whether  some  provision  of  this  nature 
might  not  advantageously  be  introduced  in  the  United  States. 

A  patent  under  the  new  law  binds  the  Crown,  but  the  invention 
may  be  used  by  the  Government  or  by  Government  contractors  on 
terms  to  be  agreed  upon,  or,  in  default  of  an  agreement,  on  terras  to 
be  settled  by  the  Treasury  after  hearing  the  parties  interested. 

An  invention  may  be  used   on  a  foreign  ship  in  British  ports,  not- 
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witlisUmdin^  an  Kn^^Ii-li  patoiit,  provid*-*!  that  HJinilar  privilej^ps  are 
:tlI()Wo<l  to  Iiriti>4li  Hlii|>s  in  the  State  to  \vhi<-h  .mich  nhip  iM-longx. 

Aiiv  [)CT."Miii  who,  l»y  a(lv<'rtis4Min;iit  or  otlnTwiM*,  thrcaK'ti-i  j»r<»H«fU- 
tioii  for  inrriiip'iiK'iit  ot' a  patent,  and  d<H->  not  Itrin^  a  suit,  i-  liahk*  to 
an  action  for  dania^*^  if  the  thin^;  xi.^  to  whi<-h  he  innkM  the  threat  lie 
not  an  infrin^fenirnt  nf  his  jiatcnt.  and  \u-  may  In-  n-^lniinMl  l»y  injiin<"- 
tion  from  the  (.*ontiiniane«-  of  >n<-h  threat-,  whieh  pruvisiun,  if  in  fon-e 
ht're,  woidd  Have  annoyane*-. 

A  patent  i.s  to  l>e  for  one  invention  only,  hut  it  is  not  ground  of 
ohjeetion  that  it  is  for  more  than  one.  It  mti>t  have  a  ehiim,  and  may 
have  more  than  one. 

Section  li<»  (M)  providr-s,  "  Where  a  patent  Imu<  l>oen  revoke<l  on  the 
ground  of  fran<l  th<'  eomptroller  mav,  on  the  a|)pli(':ition  f»f  the  true 
inventor  mad(;  in  a«for<hinee  with  the  pn»vi^ion."«  «»f  thi.-'  Aet,  j^nint  to 
him  a  patent  in  lieu  of  and  l>euring  the  same  date  as  the  dat*-  of  revo- 
«iti(»n  of  the  patent  so  revoke<l,  l»iit  the  patent  s<»  ;rninte«|  «hall  (•••a-* 
on  the  expii:iti<»ii  of  llit-  tiiin  for  wjiidi  tin-  oiiriii:iI  p.ittiit  \\  a«. 
j;rante<l." 

This,  to  this  extent,  take>  out  of  the  I'ateni  t  )lliiv  and  into  the 
Courts  the  (pu>stion  of  eonflietin^  claims  to  the  same  invention,  and 
wiiere  it  is  then'  determine«l  that  the  holder  of  the  |Mitent  is  not  the 
one  entitletl  it,  not  merely  revokes  the  |>atent  wrongly  heitl,  hut  prac- 
tiadly  transfers  it,  (or  the  remaiiuhr  of  its  term,  to  the  su<^'«'ssful  liti- 
^r;int  who  is  deeretil  to  Im*  it>  |tro|M'r  owner. 

It  is  worthy  of  otnsidenttion  whether  some  provision  of  this  nature 
mi;;ht  not  Ik-  adopt«-<i  in  the  Unitinl  Stat**?*.  l»v  whieh  ppHfitliniT"  in 
interferenee.  now  si>  pnKluetive  of  exjM'nse  an<l  fruith-^s  of  ri'sull,  mipht 
Ih!  tninsferrwl  from  the  Patent  (  HViee,  whieh  «"Jin  now  only  pive  to  the 
applie:int  who  ap|>e:irs  U^st  entitle«I,  a  p:iter>t  whit  li  is  ji^iin  newly 
Mssjiile*!  so  s<M)n  as  the  |wtente<'  attempts  t«»  enforce  it,  t«»  a  Court  which 
<"ould  hrinp  U-foiv  it  all  the  parties  claimant,  dii'ide  in  favor  of  om» 
and  irrani  him  a  |»itcnt,  and  by  tiecree  hindinp  on  all  the  world,  to  l>e 
nottnl  on  the  patent,  dekar  <lefenc«*  to  that  |Kitent  on  anv  irnuind  whi«*h 
woid<l  have  eiititletl  either  of  the  others  to  a  |)atent  for  that  inventi«tn. 
Such  part.-  ot"  ejich  appliaition  Jis  wen*  not  in  interfenMHf  ciudd  pn>- 
c«hh1,  an«l  juitenls  «)n  tJH'm  could  l>e  issue«|  in  the  nyidar  wav,  and  onlv 
the  prtH-ise  (piestion  in  intcrfcivnce  wouM  t>»uie  Ix-forc  the  Court  and 
Ik?   the  suhje«'t  of  its  decree.     The  Patent  Ottice  ix)uld  settle  the  ic>vu\ 
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of  the  patent  to  which  some  one  of  the  contestants  would  be  entitled, 
and  in  that  form  turn  over  the  question  to  the  Court. 

This  would  probably  be  no  less  expensive  than  the  interference  or 
the  generally  consequent  suit,  but  it  would  be  only  as  expensive  as  one 
of  them  and  would  definitively  and  perpetually  close  controversy  upon 
the  subject. 

Every  application  filed  is  referred  to  an  examiner,  who  reports 
whether  the  nature  of  the  invention  has  been  fairly  described,  whether 
the  papers  have  been  prepared  in  the  prescribed  manner,  whether  the 
title  sufficiently  indicates  the  subject  matter  of  the  invention,  and,  in 
case  there  is  on  file  at  the  same  time  an  application  bearing  the  same 
or  a  similar  title,  whether  they  both  comprise  the  same  invention,  in 
which  latter  case,  if  such  is  found  to  be  the  fact,  "  the  comptroller 
may  refuse  to  seal  a  patent  on  the  application  of  the  second  applicant." 

Opposition  to  the  grant  of  a  patent  may  be  made  by  any  person  on 
the  ground  of  the  applicant  having  obtained  the  invention  from  him  ; 
or  on  the  ground  that  the  alleged  invention  is  covered  by  an  existing 
English  patent  or  a  prior  application,  but  on  no  other  ground  ;  which 
provisions  define  the  limit  of  investigation  as  to  the  novelty  of  the 
invention,  and  leave  in  operation,  with  these  exceptions,  the  present 
system  of  granting  to  any  one  a  patent  for  anything  he  asks,  with  no 
approach  to  the  advantages  which  are  offered  to  the  applicant  for  a 
patent  in  the  United  States  by  the  system  which  is  in  operation  here. 

These  advantages,  great  as  they  are,  are  by  some  not  clearly  under- 
stood, and  therefore  not  fully  appreciated. 

It  is  to  be  borne  in  mind  that  a  patent  whose  claim  covers  a  thing 
previously  known  or  used  is  inoperative  and  invalid.  Such  prior 
knowledge  or  use  may  be  divided  into  two  classes;  a  published  descrip- 
tion in  some  patent  or  other  publication ;  and  the  manufacture,  use  or 
sale  of  the  thing  claimed  as  new,  as  to  which  there  has  been  no  pub- 
lished description. 

As  to  the  last,  it  is  in  its  nature  that  it  cannot  with  certainty  be 
known  to  any  person  by  the  most  careful  research,  for  a  use  of  a 
thing  in  a  factory  or  shop,  or  by  a  limited  number  of  persons  outside 
of  such  place,  may  be  so  far  public  as  to  invalidate  a  patent  for  it  and 
at  the  .same  time  so  fi;ir  private  that  only  by  the  merest  accident  can  it 
be  discovered  by  any  one  elsewhere. 

As  to  such  obstructions,  both  systems  stand  on  an  even  footing,  and 
they  are  to  be  compared  only  by  their  relation  to  published  matter. 
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ConMidend  only  in  smli  relation,  it"  a  patent  claiiii  f'«»v«'rs  miitter  so 
piiMislied  tli(!  patent  is  v<»i<l,  otlierwise  it  is  valid,  and  that  cpinllv  in 
liutli  countries,  'J'lie  exin-ri'in-j*  of  every  one  who  has  taken  out  a 
patent  in  the  Unitnl  Statw  will  show  hiiu  that  the  ««.•<«?  is  nirelv 
exceptional  in  which  the  «laiins  as  first  prewnte*!  are  not  liable  to  the 
ohjec'tion  that  they  eover  old  matter,  and  that  therefore  tlu-  [latent,  if 
issued  in  that  form,  would   Im-  invalid. 

In  Knj^land  the  patent  woidd  Ix-  issuetl  in  that  form,  and  the  paten- 
tly,* would  he  irft  to  discover,  at  the  end  ot*  a  law-suit,  and  after  he 
had  exhausto<l  his  means  in  the  introduction  of  his  invention,  in  which 
he  8Up|)osed  himself  protecteil,  that  his  pat4-nt  was  inopenitive  and  his 
prote<'tion  had  faile<|. 

In  the  United  States  the  ap|)li«-:ttion  is  referre<i  to  tin-  examiner 
who  has  charjjje  of  that  hranch  of  that  sulMlivision  of  that  class  of 
inventions,  who  has  liefore  him  the  results  of  the  i-jirefid  nwearch,  for 
years,  of  the  pnl)licati«»ns  relating;  to  that  sjKjcial  detail  of  th«.  s|||,JM't 
Itron^ht  down  to  the  lat^-st  date,  and  he  adviM's  the  appiit-imt  as  to 
every  ohjcction  which  can  i>c  tuund  to  his  claim-  in  anv  puhlioatif»n  in 
the  world,  wliich  ol)je<-tion,  if  well  foiuKlnl.  woidd  invalidate  his 
|)atent  if  i>.sue«l  in  that  form,  whenever  and  l»y  whomsoever  di-«<i»vere<l. 

If  the  obje<'tion  Im'  not  well  fotinde«l  the  applicsmt  tim  obtain  his 
patent  repmllesH  of  it.  IV  it  l>e  well  foundc<l  and  goes  to  the  entire 
extent  (»f  the  novelty  of  the  .suppr>sed  invention,  the  applicant  Hmls 
that,  though  he  was  an  orijjinal,  he  wax  not  the  first  inventor,  aixl  he 
retires  from  the  conti'st,  whi<h  is  the  U'st  for  him  ;  if  he  has  nothing:, 
the  s<M)ner  an«l  the  more  clniiplv  he  learns  it  the  U'ttcT. 

If,  as  is  p-nerally  the  c;is4'.  he  has  re:illy  inventeil  .S4>niething  new 

but  has  clainutl  ujore  than  was  new — he  l<>anis  what  {Mirtion  of  it  i.s 
old,  and  he  limits  his  claim  to  that  which  is  re^illv  his;  and  he  h:ts  a 
very  pxxl  assunimv  that,  so  far  a-  publi-lunl  matter  i.s  (>oncern«ii,, when 
he  takes  out  his  patent  in  this  form,  he  bus  that  which  will  efht-tuallv 
prevent  any  one  from  makini;,  vending,  or  using  the  thing  c<>verr«l  bv 
his  claims. 

If,  when  the  process  of  elimination  is  (Minpleted,  he  finds  that  what 
is  left  is  of  no  value  to  him,  he  uwhI  go  no  further  ;  whi<"h.  again,  i.s 
gmxl  for  him  ;  he  know-,  or  c:ui  know,  exactly  u|)on  what  ground  he 
.stands. 

All  this  he  obtains  for  the  preliminarA'  fei>  of  fiftct^n  dollars  |i«iid  into 
th<>  Patent  <  )tlicc  ;  a  nsult  which  he  could  not  obtain  otherwise  for  that 
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sum,  nor  scarcely  for  any  sum.  No  individual  research  can  cover  the 
ground  so  well  as  it  is  covered  by  the  system  of  minute  subdivision  of 
the  Patent  Office,  and  no  approach  to  it  could  be  made  at  the  price  ; 
and,  in  default  of  it,  the  patentee  is  left  to  obtain  the  information  when 
the  cost  of  it  may  be  his  destruction. 

If  the  patentee  supposes — as  from  ignorance  many  suppose — that  he 
acquires  by  his  patent  a  right  to  make  the  whole  machine  of  which  his 
claim  covers  a  part,  and  proceeds  upon  that  presumption,  he  may  thus 
get  into  trouble.  A  patent  authorizes  a  man  to  do  nothing,  but  only 
enables  him  to  prevent  another  from  doing  something,  and  no  system 
of  government  protects  a  man  against  the  consequences  of  his  own 
ignorance  or  folly. 

There  is  an  impression  among  some  that  the  Patent  Office  habitu- 
ally grants  patents  which  cover  old  matter  and  have  no  novelty,  but 
it  will  be  found  that  this  criticism  comes  from  those  who  are  unin- 
formed as  to  the  above  proper  rule  of  construction,  or  who  have  not 
examined  the  claims  of  the  patents  they  criticise,  and  are  therefore  not 
aware  how  restricted  they  are  and  how  little  ground  they  actually 
cover.  This  is  not  to  be  ascribed  as  a  fault  but  to  be  counted  as  a 
merit  to  the  Patent  Office.  Little  as  the  thing  is,  it  is  all  of  which  the 
patentee  was  the  original  and  first  inventor ;  and  little  as  the  thing 
appears,  it  is  sometimes  such  a  little  thing  which  bridges  the  gap 
between  a  machine  which  is  a  failure  and  one  which  is  a  success,  and 
the  patentee  has  the  assurance  that — though  little — it  is  all  that  he  is 
entitled  to  and  that  he  is  entitled  to  it. 

It  may  be  said  that  the  Patent  Office  examiners  sometimes  fail  to 
discover  matter  which  makes  a  good  objection  to  the  claim ;  which  is 
true,  and  is  partly  the  result  of  the  fallibility  of  all  human  systems 
and  partly  the  result  of  the  niggardly  system  pursued  by  the  govern- 
ment of  the  United  States  in  relation  to  the  Patent  Office  producing  a 
corps  of  examiners  insufficient  in  number  and  in  quality.  In  number, 
because  not  enough  are  provided ;  in  quality,  because  experience  is  the 
only  thing  which  can  give  the  desirable  approach  to  perfection,  and 
when  an  examiner  has  obtained  this  experience  he  finds  that  the  pay 
of  his  position  is  not  equal  to  what  he  can  gain  elsewhere,  and  he 
therefore  leaves  his  place  to  another  who  has  the  experience  to  acquire. 

If  the  government  would  devote  to  the  use  of  inventors  the  money 
which  it  receives  through  the  Patent  Office  from  them,  this  state  of 
things  would  not  exist.      A  highly  meritorious  and  hard-working  class 
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of  otti(«rH  would  \)*'  it)<n'flw<l  to  (Im*  ininilK>r  rwjiiin-*!  ami  vroiild  Ik* 
|»:ii«l  !i»f<»nliri)^  to  tln'lr  «l«-*4Tt,  :iri<!  \voiiI«|  tlM-n-fon-  n-iiiain  in  their 
positioriH;  tin-  plan  of  MulxlivJHioii  of  Miilywtf*  woiil«I  U-  nion*  thor- 
oii|;lilv  atul  jMrfic^'tly  <Mrri<«l  out  ;  ami,  a**  n  <v)tu!erjiienop,  th<*  number 
of  erroiN  woiilil  Im'  ^niitly  (litniiii«liM|,  an«l  tlir  wliolt-  •ivti-ni  wouM 
approafli  in  pnutiiv  very  nitirly  to  tin-  {M'rf«*<-tion  wliirli  it  lia-  in  thi-ory. 


CAST    IKON    IN    STKAM    I'»oILKI<S. 


Hy  S.  Lu>Yi>  \Vii-:<iANJ». 

[llMil  III  llic  HlMletl  Mrvtlng.  WnlnnMlay,  Jniiuarr  >«.  U*M.] 


I*iil)li«'  attention  has  l»*fn  nifntly  din^'tdl  to  tin*  fa<f  that  t^ast 
iron  if*  rxtrnnively  ns*-*!  in  th«' ••«»n«<tnM'tif»n  of  lHiilfi>,  an«l  tu<»*t  notahly 
ill  th«'  hnui-  of  cylimhT  lM»i|«»rs.  Many  fHirU  UiihTs  havr  flat  hrjuU, 
aii*i  rxpn-ssions  of  opinion!^,  all^-jjin^;  Mat  <"ji"«t  iron  lH)ilrr-h«a<l«<  to  lie 
<lan^«'roiij<,  havr  Ih-oii  rwently  nja<l«*,  an«l  nit<'mtf<I  in  tenn?*  niul  with 
a  frnpinu'v  <-:ilriilatr4l  to  rxritr  jrnivr  alarm,  not  only  «»n  tin-  part 
of  till'  owners  ami  ii«^'rs  of -iirli  UiilrrH,  Imt  in  thr  njimln  of  the  pultlii- 
^jiMiemlly,  an«l  to  pnMlii<<«>an  impn-SMion  that  s\u'}\  lK>ilor»aiv  ni"»x'»»arily 
a  inrnaf-*'  to  projM'rtv  an«l  lift-. 

Tlif  criticisms  apiinst  smh  -triKfun*^  havr  not  :lhmuih"«I  any  -luh 
fxnet  expnfwions,  w*  to  ."how  where  .safety  rt^j^es  nm)  dangvr  U'jrin'«, 
l)iit  they  have  Unn  e<>n<lemm*<i  apparently  without  a  hearinjr,  a." 
dan^erons  an<l  tn':ieher»>U'«  alway*.  an<I  lunler  ev«>rk'  omdition. 

The  pnlilishe<l  en^imiriii^  litemttire  thn»%-s  very  litth*  li^ht  on  thi* 
siihjeet.aiKJ  no  recent  treati««<>,  or  for  that  matter,  i»hloi»e»«either,give  any 
rule  for  eompntinj;  the  ^tren;rth.  or  «letermininjj  the  pro|>»r  pn>|»orlion8 
of  such  lK»iler-hea«ls,  yet  thoiis.n)(i<  of  them  an-  in  <l:»ilv  ti-^*-.  ami 
mon'  of  them  are  iM'in^  ma«le. 

That  then*   mii>'t   Ik»  S4»me   mmt    in   tlieru,  i- a  re:i>on;il>i< 
fn»m  their  extensive  usv,  an<l  to  oj^-n  a  di-M-n^ion  i»n  their  m-  i 
faults,  an<l  to  briii|;  to  the  attention  of  the   Inwtititk  evi<<eiMv  of 
what  they  are  nipjihle  i»f  I'ndurin^.  i.s  tlie  pnr|M«*e  of  this  jinper. 

To  hriii^  the  matter  mon*  eh-arlv  t«>  the  olist-rvatiou  of  this  mei^in^, 
it  is  pniiMVH'*!  to  n'|M':U  an  exjH^riment  n'tvntly  ma<Ie  in  this  City,  i>f 
l«stinv;  a  cylimlrie  boiler,  pmvithxl  with  flat  titst  iron  hemil-.  by 
iivtlnujlie  pn-ssiire.  aixl 
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1st.  To  show  the  limit  of  elasticity  in  force  and  motion  of  such 
heads. 

2d.  The  relative  strength  of  the  heads  and  the  riveted  shell. 

3d.  The  manner  of  rupture  of  the  head  by  internal  pressure ;  and 

4th.  The  pressure  required  to  rupture  the  head. 

The  dimensions  and  form  of  the  head  and  boiler  shell  are  stated 
upon  the  sectional  diagram  ;  they  are  further  illustrated  by  models, 
made  to  a  scale,  which  may  serve  to  give  a  better  conception  of  the 
proportions  of  the  boiler  under  test. 

The  testing  operation  consists  in  simply  filling  with  water,  taking 
care  to  exclude  all  air,  and  afterwards  gradually  applying  hydraulic 
pressure  by  a  pump,  and  observing  the  pressure,  and  at  the  same  time 
measuring  the  inflation  or  dilation  of  the  head,  relieving  the  pressure, 
repeating  this  operation  several  times  with  increasing  pressure,  and 
observing  at  what  pressure  the  head  becomes  permanently  set,  or  bent 
outward,  and  finally  applying  and  observing  increased  pressure  until 
the  vessel  breaks. 

The  same  experiments  made  with  a  vessel  exactly  similar  to  this 
one,  showed  that  no  permanent  set  of  the  head  took  place  until  a 
pressure  of  225  lbs.  per  square  inch  was  applied.  At  that  pressure 
the  inflation  at  the  centre  of  the  head  measured,  as  nearly  as  could  be 
ascertained  'ISS  of  an  inch. 

Before  any  rupture  of  the  hepds  occurred,  the  riveted  longitudinal 
seam  leaked,  so  as  to  require  very  active  pumping  to  raise  the  pressure 
above  380  lbs.  per  square  inch,  and  the  bursting  took  place  at  455 
lbs.  per  square  inch,  the  breaking  commencing  at  the  manhole  open- 
ing of  one  head,  and  extending  radially  outward  toward  the  rim  and 
the  flat  plate,  breaking  inside  of  and  partially  through  the  fillet,  in 
the  angle  formed  by  the  rim  or  flange  and  flat  plate  of  the  head. 

As  a  matter  of  interest  in  this  connection,  there  is  herewith  sub- 
mitted to  the  meeting,  broken  parts  of  a  flat  cast  iron  boiler  head, 
which  wore  out  and  survived  three  wrought  iron  shells  working  under 
pressure  of  100  lbs.  per  square  inch,  and  which  only  showed  a  great  defect 
(of  being  in  fact  two  layers  of  metal  united  only  at  the  edges)  when  it 
was  broken  up  to  remelt,  it  having  been  discarded  solely  because  of  its 
dimensions. 

It  is  respectfully  suggested,  that  although  cast  iron  has  not  all  the 
properties  that  might  seem  desirable  in  the  construction  of  apparatus 
to  sustain  internal  pressure,  it  is,  and  will  in  all  probability  for  a  long 
time  remain  one  of  the  most  easily  available  materials  for  mechanical 
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HtnicturcH,  iitMl  instoiul  ot"  fiiMliii^  fault  with  it  in  ^ffiii'ml  term.»«,  and 
fondcniniiij;  its  hm;  l)y  untiJcasiirfNl  terms  of  re[»rcr.irli,  it  is  fur  iiutrv 
(Itsirable  that  whatever  iiiforniation,  «)f  a  reliabh*  «haraet«r,  in  n-fer- 
enee  to  \tH  |>n>|>er  iist-ful  and  Hate  a|)|)lie:ition  to  sxwU  MtnietureM  is  |in>- 
eiiraWhf,  should  l»e  |tut  in  sonif  arci-ssible  sha|M.',  an<l  made  generallv 
known. 

Entertaining  thj-fl*?  views,  it  is  pniixw***!  tliat  when  new  husint^i  is 
in  onh-r  at  this  nn-«'iin^r^  to  -ultrnit  the  following  r«?*ohition  : 

HcHolvidy  That  tlic  Committee  on  Seienc*'  and  the  Arts,  Ix-  re<jUi-?^tiil 
to  oMcertain  and  re|K)rt  the;  |)ro|K'rtioH  and  strength  c»f  <ra.si  inm,  as  a 
material  fur  theeonstrnetion  of  hoiler-heads  atul  other  vi-sm-ls  for  retain- 
ing fluid  under  pressun*,  toj^ether  with  siieh  rtih's  for  estimating  the 
streiii^th  and  |»n>|K»rtioninj;  <»f  such  structure?*,  in  the  ditVerent  forms 
now  in  u<e,  with  e(H)nomy  and  safety,  an<l  also  the  pn>|Mr  nuKh-?^  <»f 
te^tin;_'  and  usinir  sn«li  -truetun-s,  as  will  lie  UM'ful  to  tln»se  praetieidly 
en;;a;;e<l  in  the  tnaimfaeture  and  us*'  tlu-reof. 


Studies  of  the  Aurora. — Tn-s<a  ^ave  a  tlatterin;:  testimonial  to 
till'  iii;it  nuity  :nnl  ~iic<<-^>  ot"  I'rof.  I^>mstn"tm,  on  lavinj;  In-fore  the 
I'Veneh  Acjidemy  the  rcsultH  of  the  e.x|)erinu'ntn  in  I^iplarul  for  pnv- 
duciiij;  artiti<'ial  auroras.  He  considers  that  I><'njstrotn  ha**  detnon- 
slrate<l,  l>y  thost!  experiments,  that  in  extn-nie  northern  latitudi^i,  an<l 
at  a  tem|)erature  of  — ;U»°  ( — 22°F.),  the  |H>lar  anmni  is  an  eli><trie 
phenomenon,  whieh  may  Im'  repres<'nt<il  hy  atniospheri«*  eurn-nt^  of  a 
magnitude  corresponding  to  a  «'urrent  whi«'h  woidd  l>e  pnMluii><I  bv  a 
Leclauch*''  cell  of  miKlenite  size.  The  natural  manifestation  »»f  this 
current  jjivi's  place,  even  in  the  ahseniv  of  any  other  illuminati«>n,  to 
a  l<M-al  aurora,  which  is  vi>il>le  al>ove  tin*  apparatus,  and  in  which  <7)n 
l>e  seiii  the  characteristic  line,  /  =r:^  .j,")<j1».  W'v  are  thu-  altle  t«>  nxtt^- 
nize,  with  complete  certainty,  the  existeui-e,  and  even  the  nni^nitud*-, 
of  the  elntric  fon-t-s  whiih  are  hroujjht  into  play.  During  the  <>om- 
ini;  winter  IVof.  I^'instroui  pro|)os«>s  i«)  ci»ntinue  his  n-y^^inhe^.  with 
the  vi«'w  of  determining  the  pro|H'r  (instruction  of  ap|viratu.s  for  ^iv- 
in^  currentH  of  the  j^rcntest  intensity  ;  tJje  relation  l>etw«tMi  the  extent 
of  surfai-e  and  the  intensity  of  curn'nf  ;  the  variation  of  mrrrnt  with 
ditl'creiufs  of  latitude  and  with  ditVen'nci's  of  altiind*'  l»etw.'<*n  the  two 
extremitiiv  of  the  Hp|Kinitu>  ;  the  intluenoe  of  the  j»eji.son>  ;  and  the 
relatioris  U'tween  the  atujofplu-ric  rtirn-nf,  the  tern-strial  curnMit,  and 
the  magnetic  variation^. — Onnptrjt  /iV»i«/i/.t,  Mav  7,  iss;;.  (\ 
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ELECTRO-PLATING  WITH  NICKEL. 


By  William  H.  Wahl. 

[A  paper  read  before  the  Chemical  Section  of  the  Franklin  Institute,  Nov.  6,  1883.] 


(Concluded  from  page  131.) 

The  results  of  extended  practical  trials  of  Mr.  Weston's  formula, 
made  by  the  writer,  have  convinced  him  of  the  substantial  correctness 
of  the  claims  of  this  inventor.  Where  the  double  sulphate  of  nickel 
and  ammonium  is  is  used  the  addition  of  boric  acid  in  the  proportion 
of  from  1  to  3  ounces  to  the  gallon  of  solution  gives  a  bath  less  diffi- 
cult to  maintain  in  good  working  order,  and  aiFords  a  strongly  adhesive 
deposit  of  nickel.  The  deposited  metal  is  dense  and  white,  approach- 
in  brilliancy  that  obtained  from  the  solution  of  the  double  cyanide. 

In  1880,  J.  Powell,*  of  Cincinnati,  patented  an  electro-depositing 
solution  "  composed  of  the  pyrophosphate  of  soda  phosphate  of  nickel, 
the  bisulphite  of  soda,  and  citrate  of  nickel  and  ammonia." 

In  the  same  year  C.  G,  Pendelton,f  of  New  York,  patented  the  use 
of  an  acid  solution  of  the  acetate  of  nickel.  The  inventor  emphasizes 
the  caution  that  this  solution  must  always  be  kept  acid.  The  metallic 
strength  of  this  solution  is  fully  maintained  by  the  solution  of  the 
anodes,  and  the  bath  consequently  requires  no  additions  of  fresh  salt. 

An  interesting  suggestion  is  that  patented  in  1880  by  Mr.  Powell,| 
and  which  covers   the  use  of  benzoic  acid   in  nickel-plating   solutions. 

In  describing  his  improvement  Mr.  Powell  calls  attention  to  the 
fact  (?)  that  simple  salts  of  nickel  cannot  be  used  on  account  of  their 
failure  to  yield  a  regular  deposit.  He  claims  to  have  discovered  that 
the  addition  of  benzoic  acid  to  any  of  the  nickel  salts,  arrests  in  a 
marked  degree  the  tendency  to  an  imperfect  deposit,  and  prevents  the 
decomposition  of  the  solution  and  consequently  the  formation  of  sub- 
salts.  The  amount  of  benzoic  acid  necessary  to  be  added  to  the  bath 
for  this  purpose  is  said  to  be  ^  ounce  to  the  gallon  of  solution.  He, 
therefore,  claims  "  an  electro-depositing  solution  consisting  of  a  soluble 
salt  of  nickel,  its  solvent,  and  benzoic  acid."  This  bath  is  reported  to 
give  very  satisfactory  results. 

In  the  same  year,  Mr.  J.  H.  Potts,||  of  Philadelphia,  was  granted  a 

*  Consult  U.  S.  Pat.,  No.  228,389,  June  1,  1880. 

t  Consult  U.  S.  Pat.,  No.  232,615,  September  28,  1880. 

X  Consult  U.  S.  Pat.,  No.  229,274,  June  29,  1880. 

II  Consult  U.  S.  Pat.,  Xo.  232,755,  September  28,  1880. 
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patent  for  an  im proved  holutioii  for  the  eleetrcMlejKjeitiori  of  nickel 
"coiiMiHtin^  of  the  a<t'tate  of  nicke-l  ami  tin-  n<T*tal«'  of  lime  with  the 
juldition  of  sudiiient  fri-e  ae<tie  acid  to  rend<r  the  s4»|iuion  di-linctly 
acid."  Mr.  l*ott«  pn'parcH  hi.<j  l)uth  art  f(»lluw8  :  He  pre<'ipitat<«  the 
carhonate  of  ni«'kcl  from  a  Iwiilirij^  a«jueo«i.s  .Holnti«)n  of  the  stdphatc  \>\ 
the  iuMition  of  l»ic:irbonate  of  sodiutn,  filters  and  dt'sgolvi':!^  the  well- 
\va«lieil  precipitate  in  arctic  acid,  with  the  aid  of  heat. 

The  acetate  <jf  <'Jilciiini  he  prepareH  by  trcjitinj^  crau^tic  lime,  or  the 
carltonate  (nmrl)le-<lnst)  with  snllit-iont  acetic  ac-id  to  dissolve  it  with 
(he  aid  of  hcjit.  The  Htlution  of  tln-se  salts  is  nciditiitl,  sH^rlitly  hut 
distin<'tly,  with  ac<-tic  aci«l. 

This  solution,  which  I  have  workcil  with  under  a  variety  of  «ircum- 
stanccs,  is  in  many  rcsjM-cts  an  excellent  one.  It  jjivcs  sciti-fa'-tory 
results,  without  that  (tire  and  nicety  in  re8|)cct  to  tlj'e  n)ndition  of  the 
solution  and  the  rc;^rul:if ion  of  the  currriit  which  are  n«'<"<'s*:arv  with 
the  double  sulphate  solution.  TIm'  mctalli*'  stn-njrth  of  the  solution  is 
fully  maintainiHi,  without  reipiirin;;  the  addition  of  fre>h  salt,  the  only 
point  to  l)e  observnl  Inin^  the  necw^ity  of  adding;,  from  time  to  time 
(say  once  a  week),  a  suflicient  (piantity  of  lu-etic  aci<l  to  maintain  a 
distinctly  aci<l  rea<-tion.  It  is  rather  more  s<n>itive  to  the  pn-M'inv  of 
a  lar^r*'  ipiantity  ol"  free  acid  than  tn  the  op|M»iite  condition  ;  as  in  the 
former  condition  it  i<  apt  tn  pnMlucc  a  black  de|>osit,  while  it  mav  Ik? 
run  down  ne:irly  to  neutnility  witlnmt  notably  affecting  the  <haracter 
of  the  work.  Th«'  «le|>ositcd  uH'tai  is  characteristically  brij^ht  on  bright 
.•surfaces,  and  re<juirinj;  but  little  butlinj;  to  finish.  It  (UK's  not  appear, 
however,  to  Ik»  jus  well  adaptc<l  for  obtaining  di'jHtsits  of  extni  thick- 
ness as  the  c«»mmonly  iis<^l  double  sulphate  of  nickel  and  ammonium. 
On  the  other  hand,  its  .stability  in  use,  the  variety  of  conditions  under 
which  it  will  work  s;itisfact«)rilv,  and  (he  trifling  care  an«I  attention  it 
c:ills  for,  make  it  a  us<-ful  .S4»luti«>n  tor  nick«-lin^. 

FOItMUL-K    I-\)Il    NH'KEI^IM.ATIXti    SOLrTlOXS. 

No.  1. 

I>oiil)|('  rtulphato  nf  nickel  an«l  nmmonfum 5  to  s  purtii. 

Water 10i»      •• 

Dis>*olve  (he  nickel  double  sjdt  in  aUne  <]uantity  of  water  with  the 
ai<l  of  hesit.  Cautiously  add  ammonia,  or  the  sidphate  ofammtuiium, 
until    the   s4»lution    is   ncutnil   tt>  tcst-|m|H'r.     This  solution  Hliuuld  l>e 
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maintained  as  nearly  neutral  as  possible  in  use.  This  is  commonly 
known  in  the  United  States  as  the  Adams  solution.  It  is  in  very 
general  use  by  nickel-platers  throughout  the  United  States,  and  yields, 
where  properly  managed,  excellent  results. 

No.  2. 

Double  sulphate  of  nickel  and  ammonium 10  parts. 

Boric  acid  (refined) 2J  to  5      " 

Water 150  to  200      " 

(Weston's  solution.)  The  superiority  of  this  solution  is  generally 
acknowledged.  The  deposited  metal,  as  previously  remarked,  is  almost 
silver-white,  dense,  homogeneous  and  tenacious,  and  the  solution  main- 
tains its  excellent  working  quality  very  uniformly  in  long-continued 
service. 

The  nickel  salt  and  boric  acid  may  be  dissolved  separately  in  boil- 
ing water,  the  solutions  mixed,  and  the  volume  brought  up  to  that  of 
the  formula,  or  the  two  components  may  be  dissolved  together. 

No.  3. 

Acetate  of  nickelT 2|  parts. 

Acetate  of  calcium 2k      " 

Water 100        " 

To  each  gallon  of  this  solution  add  1  fluidounce  acetic  acid,  1*047 
sp.  gr. 

To  prepare  this  bath,  dissolve  about  the  same  quantity  of  the  dry 
carbonate  of  nickel  as  that  called  for  in  the  formula  (or  three-quarters 
of  that  quantity  of  the  hydrated  oxide)  in  acetic  acid,  adding  the  acid 
cautiously,  and  heating  until  effervescence  has  ceased,  and  solution  is 
complete.  The  acetate  of  calcium  may  be  made  by  dissolving  the 
same  weight  of  carbonate  of  calcium  (marble-dust)  as  that  called  for 
in  the  formula  (or  one-half  that  quantity  of  caustic  lime),  and  treating 
it  in  the  same  manner.  Add  the  two  solutions  together,  dilute  the 
volume  to  the  required  amount  by  the  addition  of  water,  and  then  to 
each  gallon  of  the  solution  add  a  fluidounce  of  free  acetic  acid,  as  pre- 
scribed.    (Potts'  solution.) 

No.  4. 

Sulphate  of  nickel  and  ammonium 10  parts. 

Sulphate  of  ammonium 4      " 

Citric  acid 1  part. 

Water 200  parts. 
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TIkj  huliitioii  is  iiiade  with  tli<-  ai«l  of  ht-at,  ami.  \\\\*-u  c«><il,  -iiiall 
frugnientfi  oi  carlx)imte  uf  iiiuiiioiiitiin  »li<mld  be  atMetl  until  the  bath 
is  neutral  to  te-^t-jiaiRT. 

No.  5. 

Siilj)l>ati  of  nickel 6  i>urtM. 

Citnitfof  nickel 3      ** 

IMiospliatc  of  nickel 3      " 

Itcii/.iiic  iiclil IJ    " 

Water auO      '• 

No.  6. 

rb«»si»liHte  of  ni<-kel 10  partit. 

Citrate  of  nickel 6  " 

I\vro|^llO^«|>hatc  of  .H<l<liUU) lOJ  '* 

JiiMiilptiite  (»f  HoUiuni 1^  " 

Citric  aeWI 3  " 

A<|ua  Hinninnia 15  " 

Water 4<)0  " 

(Powell'^  solutions.)  Tlu•^se  solutions  yield  gixnl  results,  hut  their 
complex  corujtositioii  must  <lclKir  tlitm  fVoui  j;enenil  use. 

No.  1. 

Kttlphatc  of  nicki'l •>  l>:iri-«. 

A<|ua  ammonia -      3 

Water lOU      " 

When  the  nickel  is  (li««)lve<],  add  — 

.\i(ua  ammonia 20  part^. 

This  hath  is  .-imilar  to  that  re<v»mnK'nde<l  liy  Prof.  li^M-ttpr  :  it  is 
Miid  to  he  well  suited  for  the  |tur|N>»4->  of  amateurs,  ina'>niueh  i\a  it 
givi-s  pMnl  residts  with  a  platinum  anmle.  It  is  worketl  at  a  tem|iem- 
tureof  lOO"^  Kali.,  with  a  moderate  curr»-nt.  It  ntpiin>  n-newal  (T\m\ 
time  to  time,  as  it  l»e<"omes  im|Mtverisheil  in  nickel,  by  aiKlition  of  trv^^h 
nickel  salt ;  it  must  al-so  l)e  kept  alkaline  by  the  ociiisional  adtlition  of 
ammonia. 

No.  8. 

Sulplnite  of  nickel  an<l  anuDuniunt _ 10  |>art«. 

Siilplinteof  ummonium ~      1)    " 

Water 250      " 

Dissolvi'  in  iMtilin^  water  ami  allow  t*>  ixml.  These  pn>portion}«  are 
rwommendetl  for  «"oating  ohject«  of  cast  and  wrtnight  inm  and  steel. 
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No.  9. 

Sulphate  of  nickel  and  ammonium 10  jDarts. 

Sulphate  of  ammonium 2      " 

Water 300      " 

Dissolve  as  above.  Recommended  for  coating  brass,  copper,  tin, 
Britannia,  lead,  zinc,  etc. 

No.  10. 

Sulphate  of  nickel  and  ammonium 6  parts. 

Chloride  of  ammonium  (sal-ammoniac) 3      " 

Water 100      " 

Watt*  recommends  for  ordinary  purposes  the  following  solution, 
which  he  affirms  will  give  in  careful  hands  very  good  results.  "  Take 
say  2  ounces  of  pure  nickel,  dissolve  in  hydrochloric  acid,  taking  care 
not  to  have  an  excess.  A  gentle  heat  will  assist  the  operation.  When 
dissolved,  dilute  the  solution  Avith  1  quart  of  cold  water.  Now  add 
ammonia  gradually,  until  the  solution  is  quite  neutral  to  test-paper. 
Next,  dissolve  1  ounce  of  sal-ammoniac  (chloride  of  ammonium)  in 
water,  and  mix  this  with  the  former  solution.  Lastly,  evaporate  and 
crystallize  slowly."  The  resulting  salt  will  be  the  double  chloride  of 
nickel  and  ammonium.  It  is  one  of  the  earliest  solutions  used  for 
nickel-plating  by  Smee  and  Gore,  and  is  affirmed  by  these  writers  to 
give  good  results.  Watt  has  also  obtained  excellent  results  with  the 
double  chloride.  According  to  Smee,  the  simple  chloride  of  nickel 
will  yield  a  deposit  having  a  very  brilliant  lustre. 

I  can  unqualifiedly  confirm  the  statement  of  Goref  that  the  electro- 
deposit  obtained  from  a  solution  of  the  double  cyanide  of  nickel  and 
potassium  is  "  nearly  equal  in  whiteness  to  silver."  I  have  obtained 
deposits  with  this  solution,  of  such  extreme  whiteness  and  beauty  as  to 
deceive  even  an  expert  on  casual  inspection  into  the  belief  that  they 
were  silver.  The  bath,  however,  rapidly  loses  its  activity  and  runs 
down,  and  is  so  difficult  to  manage  that  it  is  impracticable  for  general 
use.  This,  at  least,  is  the  opinion  I  have  reached  after  many  trials  of 
it.  I  am  informed,  nevertheless  that  it  is  successfully  used  on  the 
large  scale  in  certain  nickel-plating  works  in  this  country,  though  I 
have  not  been  able  to  substantiate  the  fact,   ■ 

To  prepare  this  bath  make  a  solution  of  any  salt  of  nickel,  and  add 
cyanide  of  potfissium  solution  so  long  as  a  precipitate  continues  to  be 

*  Watt,  Electro- Metallurgy  (7th  ed.),  p.  94. 
t  Gore,  Electro-Metallurgy  (1877),  p.  233. 
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formc'l,  In-int:  •"in-fnl  to  avoid  a«i<lini;  an  «'X''<^**.  Tlu-n  reniovo  the 
li<jtii<l  «'itlM'r  l)y  (N'«-:iiitatiori  or  tiltnition;  an<l  art«T  •M/vt'ral  wa>'liiiigB 
•  lissolv*'  tli<-  j)nH'ij)itate  nliiK><«t  to  sntiimtion  in  evanidf  of  potaK«>iuni 
Holiition.  Make  n  (>otM|)l«>t«>ly  s'ltiinitfl  niliition  aii<i  a<l<l  n  i^nmll 
f|iiantity  of  free-  «  yanulo  of  pota^^Miuin.  '\\\v  hrowni-h-rt'il  dilution  in 
thru  n-:uly  for  m.»«'. 

It  tuay  )>c  :ul<Ie<l,  in  (t>ii(  limion,  that  the  dmihlp  milphtitc  of  nickel 
and  ainriioniiirn  i>  ii-*-*!  most    generally  by  ohn'tro-phittTs  witfi    nickel. 


OF.NKUAL   OIJSKHVATIONS. 

Where  the  doiihlc  sulphate  of  nickel  and  atnmoninrn  iMiiH*4l,it  in  ini- 
]>ortant  that  the  o|M>rator  should  Uiir  in  mind  the  caution  t<i  maintain 
itath  as  m^jirly  neiitnd  as  |N)ssilile  There  is  a  diversity  of  opinion  the 
arnonj;  in'ckel-platers  upon  thi^'  jxtint,  sonic  prefcrrint:  to  opcrati-  with 
a  slightly  acid  hath,  while  others  pn-fer  the  op|M»itc  (*ondition.  Kxj)cri- 
encc  has  shown  that  the  solution  will  ^ive  satisfactorA'  n'sults  either 
when  slii.ditly  a<'id  or  slijjhtly  alkaline,  and,  as  the  chetnic:d  character 
of  the  Itath  duriuj^  electrolysis  is  constantly  ln-in^  m«Nlitied,it  i.s  mani- 
festly iriipossihle  ft»r  the  o|K'rator  to  do  more  than  to  ke«'p  his  solution 
approximately  in  the  rii^lit  coixlition.  .\  stn>n^lv  aci<l  s^ilution  will 
fail  to  ^ivc  a  de|>osit.  When  the  Uith  theref<»n'  is  f«»u!ul  to  Ik*  in  this 
<'ondition  tin-  addition  of  suflicit-nt  anim«)nia  to  restore  its  ncutraliiv 
will  hrin^  it  to  working  condition. 

It  is  only  hy  ac<-idcnt  or  nireles^nes^,  however,  that  tiie  -•.liiti'-n  will 
iMH'ome  inojM'nitivi'  from  this  muse,  jts  the  chemic:d  chanp?*  which 
occur  ill  the  s«ilution  of  this  sjdt.  inulcr  the  inflnen<v  of  the  ele<irical 
<Mirrent,  and  under  the  conditions  in  which  it  is  commonlv  u.«><i  in  the 
plating  hath,  an*  such  a<^  to  c:iusc  it  to  i;r;ulually  assume  an  alkaline 
chamcter.  This  is  tlue  to  the  fact  that  n«»t  simply  sulphate  of  nickel, 
hut  to  some  extent  also,  sulphate  of  ammonium,  underpi^'s  dceomixtsi- 
tion  into  its  pn>ximate  constituents.  The  »ulphuricacid  s<>t  fn«e  hy  the 
<U-com(Mtsition  of  the  ammonium  sulphate  will  form  an  equivalent 
<piantity  of  sulphate  of  nickel  by  wdution  of  the  anoile,  while  the 
ammonia  will  remain  fn'«\  and  i;nidually,as  it  acvumulat«"s,  will  inip:»rt 
a  dccidc»l  alkalinity  to  the  hath.  The  nion*  intenM«  the  ciirniit 
employeil,  the  more  nipid  will  Ix*  the  deciim|M*»ition  «»f  the  (u>lntion 
and  the  lilvmtion  of  frn*  ammonin.  .\s  thi-  chan;^'  pro:jr»"S'ies,  the 
tpi:ilitv  of  the  work  is  iikuc  or  le-^x  unfavorably  iuflui'iic^-.l       A-^-tim- 
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panying  this  change,  especially  where  the  current  employed  is  irregular 
and  at  times  too  intense,  there  is  also  a  precipitation  of  some  of  the 
nickel,  probably  in  the  form  of  basic  salt,  by  which  the  metallic 
strength  of  the  bath  is  impaired,  and  which  necessitates  the  addition 
of  fresh  quantities  of  the  double  sulphate  from  time  to  time.  Where 
a  current  of  only  moderate  intensity  is  used,  and  which  is  uniformly 
maintained,  these  difficulties  will  be  reduced  to  a  minimum,  and  the 
solution  will  maintain  itself  in  good  working  order  for  a  long  time, 
requiring  only  the  occasional  addition  of  a  little  sulphuric  acid  to 
correct  any  pronounced  alkalinity  that  may  be  exhibited  when  tested 
as  it  should  be  at  frequent  intervals,  with  test-paper.  As  metallic 
nickel  is  difficultly  soluble,  the  use  of  comparatively  large  anode 
surfaces  is  necessary,  because  the  nickel  dissolves  so  slowly  that  if  the 
anode  surface  exposed  in  the  depositing  vat  is  not  considerably  larger 
than  that  of  the  objects  on  which  the  deposit  is  made,  the  solution  will 
not  keep  saturated.  There  is  another  reason  for  the  use  of  a  compara- 
tively large  anode  surface,  which  will  appear  further  on. 

From  the  preceding  remarks  it  will  be  unnecessary,  perhaps,  to  add 
that  the  double  sulphate  solution  commonly  used  by  nickel-platers 
presents  greater  difficulties  in  its  employment  than  the  acid  solutions 
of  Potts  and  others. 

Again,  the  strength  of  the  current  should  be  carefully  regulated 
according  to  the  surface  of  the  articles  in  the  bath,  as  otherwise  the 
work  will  be  apt  to  "  burn  ;"  that  is,  the  metal  will  be  precijsitated  a 
dark  gray  or  black  deposit,  which  discolors  and  renders  it  useless. 
This  is  evidence  of  a  current  of  too  great  intensity.  To  obviate  thi» 
difficulty,  the  plan  is  generally  adopted  by  careful  operators  of  suspend- 
ing a  plate  of  nickel,  presenting  considerable  surface  at  both  ends  of 
the  rod  from  which  the  articles  are  suspended  in  the  bath.  By  thus 
diverting  the  current  the  "  burning  "  of  the  work  is  prevented. 

As  a  general  rule,  it  is  well  to  observe,  that,  other  things  being 
equal,  the  slower  the  rate  of  deposition,  the  more  adherent  and  tena- 
cious the  coating  of  deposited  metal  will  be.  Where  the  metal  deposits 
too  rapidly,  the  deposit  is  apt  to  be  brittle,  and  to  exhibit,  especially  in 
the  case  of  a  heavy  coating,  a  tendency  to  split  and  flake.  This  is 
due  to  the  liberation  of  hydrogen  at  the  cathode,  and  which  is 
occluded  by  the  electro-deposited  metal.  To  obtain  satisfactory  results,, 
it  is  important  that  the  articles  should  be  "  struck,"  that  is,  receive  a 
uniform   coating  immediately  after  they  are  immersed  in  the  bath. 
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Thih  is  an  iii<li<;iti«)ii  tli;it  the  arlicK-.-  liave  iMtu  proju-rly  cU-umil,  an<l 
are  in  j)r()|Mr  «<)ii<Jiti«in  to  rt'irive  the  deposit,  ami  alni  that  the  l»ath  in 
working  projMTly.  After  this  first  hiyer  has  Ix'en  «le|j<j»it<il,  the  >ul>- 
xMjiieiit  nite  of  (lepositioii  in  iiiueh  slowrr,  f<»r  the  reason  that  the 
(leji<i>it  <»f  niekel  on  nickel  does  not  take  |)la«v  as  reiulily  its  u|K)n  a 
foreign  metal,  a  rule  wliieh  a|»|>ear>  to  hohl  goo<l  of  all  nietaU. 

Ni<kel  sohitioiis  an-  fi  «lil«r  e<»iuluctors  <»f  ele<tri«'ity  than  tin*e  of 
^old,  silver,  ami  <u|)|Mr,  whirh  is  otn*  of  tin-  reasunn  why  it**  eU-ciro- 
(leposition  is  atteniknl  with  niorr  <lilTi<'ultie>  than  are  exijerieinttl 
with  the  metals  name<l.  On  this  a(tonnt,  also,  it  is  n^1t•^.•<lry  to 
employ  stronger  ilepositinj;  solnti«)ns  than  tho.s«.'  iik"*!  for  goKl  an<i 
HJlver,  ami  a  stronj;er  current.  To  make  up  for  thi«  want  of  cx>n- 
(luctivitv  it  i.s  advantageous  to  u>e  a  much  larger  an«Mle  surface  tlian  is 
(iistomarv  with  other  metals,  an«l  it  is  necessjiry  t«»  plac«-  an  anixle  on 
itnth  .-ides  of  an  article  to  Ik-  j>lat«il.  The  usual  arnin^;enient  with  a 
lar^c  vat  is  to  have  two  rail-,  cd'  hniss  the  whole  length  of  the  vat, 
resting  on  the  etlges  ot  the  sime,  from  which  two  rowsof  cii>t  or  ndletl 
iiitkel  aiKMlcs  (to  which  copper  win-s  are  solden-d)  are  sU«jHiide«l. 
I  let  ween  these  outer  nM|>  is  placed  a  >imilar  «tno  also  running  the 
whole  length  of  the  vat,  and  from  this.  I»y  means  of  suitalde  slinging 
wires,  the  artich?*  to  he  platttl  art  suspcmleil  in  ti«e  l»ath.  The  end> 
of  the  rails  nearest  the  hattery  or  dynamo  are  siiitahly  i-onnei-tetl  there- 
with in  the  ii>ual  manner.  The  work  thu>  hangs  U'tween  the  two 
rows  of  ancHles. 

Watt  *  very  proin-rly  call-  the  attention  of  the  t>|Hnitor  in  this  ixjn- 
neetioii  to  tin-  importanir  of  having  the  wiie  supports  from  which  the 
articles  are  hung  in  the  de|M».-iting  vat.  of  a  g:iuge  .-uiteti  to  the  character 
of  the  work.  Small  articles  will  retpun-  hut  a  v«Ty  thin  wire, 
while  larger  »»ne>  will  letpiire  <'orresjH»ndingly  thicker  "slinging 
wire-."  ( )n  the  siime  |>oint  he  »-aution>  the  o|KTat«»r  that  the  ditTeremv 
of  eondu«'tivity  in  the  metals  to  Ik'  plainl  is  to  Ih"  c»»n.'»iilen.'tl,  "  t«»r, 
wheivas,  a  steel,  liniss,  or  e«)p|K'r  article  would  lxt\»me  reiulily 
"  struck,"  even  if  suspendetl  from  the  comluctiug  nnl  hy  a  thin  w  ire, 
articles  of  le:»d.  Britannia  metal,  |)ewter,  or  even  in*t  iron  woidd  not 
n-ceiv«'  the  de|H>sit  so  ii-jtdily."  It  is  ohviou.-,  then-fore,  that  in  sus- 
pending articles  in  the  plating  Uith.  the  o|ii'nitor  niu.«t  l>e  guiiled  in  the 
njatter  t»f  tlu'  thickness  of  the  " -linging  win*,"  by  the  nature  of  the 
articles,  a-  well  :i-  1>\    their  diiin  ii-ioii-. 

'  \\:itl,    /•   -iTi.    Sft  riii'un/>j     .tii   Ia\     ,  j>.   i'>»,  <  r /•<••/. 
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It  cannot  be  too  strongly  impressed  on  the  operator  that  the  attain- 
ment of  success  in  nickel  plating  depends  very  largely  upon  the  per- 
fect cleansing  of  the  articles  before  they  are  immersed  in  the  bath. 
Important  as  this  operation  is  in  plating  with  other  metals,  it  is  even 
more  so  in  the  case  of  nickel.  Gilding,  silvering,  bronzing,  etc.,  are 
usually  effected  with  solutions  having  a  decidedly  alkaline  character 
(reference  is  made  here  to  the  double  cyanide  solutions  commonly  used) 
and  the  presence  of  minute  traces  of  oxide  from  careless  exposure  to 
the  air  after  cleansing,  or  of  grease  from  the  fingers,  etc.,  on  the  sur- 
face of  the  articles  to  be  plated,  is  not  necessarily  fatal  to  the  success 
of  the  work,  as  the  free  cyanide  always  present  in  those  baths,  being  a 
solvent  of  greasy  substances,  and  of  metallic  oxides,  may  remove 
trifling  quantities  of  such  impurities.  With  nickel,  however,  the  case 
is  different.  The  solutions  employed  for  its  deposition  are  either 
neutral,  or  weakly  alkaline  or  acid.  Their  chemical  character  is  such, 
therefore,  that  they  can  liave  little  or  no  solvent  effect  on  the  grease  or 
oxide  left  on  the  articles  by  careless  cleansing,  or  improper  handling 
or  exposure  before  immersion ;  and  if  such  articles  are  plated,  the 
nickel  coating  at  the  unclean  places  will  be  found  to  have  little  or  no 
adhesion  to  the  metal  beneath,  and  will  almost  certainly  flake  or  strip 
at  these  places  in  the  subsequent  operation  of  buffing.  Unless  the 
surfaces  to  be  coated  are  chemically  clean  an  adherent  deposit  of  nickel 
is  simply  impossible. 

On  account  of  the  hardness  of  the  deposited  metal,  nickel-plated 
articles  cannot  be  burnished.  In  order,  therefore,  to  obtain  upon  the 
finished  work  that  suberb  metallic  lustre  which  characterizes  this 
metal,  it  is  necessary  to  polish  the  surface  of  the  articles  upon  the 
buffing-wheel  before  immersion  in  the  plating  bath,  in  order  that  the 
deposited  metal  may  be  as  smooth  as  possible;  thus  reducing  the 
amount  of  subsequent  buffing,  required  to  finish  the  plated  articles,  to 
a  minimum. 

The  operation  of  cleansing  articles  differs  somewhat  in  various  estab- 
lishments ;  the  following  methods,  however,  are  those  usually  followed. 

For  copper,  brass,  Britannia-metal,  tin,  pewter,  etc.,  the  articles  are 
first  steeped  for  a  few  minutes  in  boiling  potash  solution  to  remove 
greasy  matter ;  they  are  then  removed,  dipped  for  an  instant  in  cyanide 
of  potassium  solution  of  moderate  strength,  rinsed  in  water,  again 
rinsed,  then  thoroughly  brushed  with  the  finest  pumice  powder  (pre- 
cipitated chalk  and  other  fine  powders  are  also  used) ;  again  rinsed  in 
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wator,  flipped  apiin  for  an  instant  in  flir  rvanide,  w»*ll  rinse<l,ntiil  iImmi 
liinig  at  once  in  the  nickel  l»atli.  Tlie  time  of  ininiersiun  in  the  l>oiI- 
in^  potash  .solution  will  )le|>4-n(|  mi  the  strength  of  the  alkali,  and  the 
amount  of  jjreasy  inatt<T  present.  Tin,  I'ritannia,  jM-wter,  however, 
.should  he  left  in  it  as  short  a  tinn-  as  p«issil)le,  as  the  alkali  exert-  a 
Holvent  action  on  tin  and  alloys  <-ontainin^  thi.s  nietul.  ^^'hen  riascd 
in  water  after  removal  from  the  potash,  the  water  should  wet  the  sur- 
fac*^  uniformly;  .should  any  <'loudy  patches  Ix*  visible,  thcM;  indic:i(e 
that  the  grease  ha.s  not  bo<'n  eonjpletely  reniove<l,  an«l  the  article  mufet 
he  imrners<>d  apiin  in  tin-  l>oilin^  potii.<<h. 

iSte«'l  articles  are  first  trejite*!  to  the  iM»ta-h  hath  ;  rin-i-d  in  >vat«r, 
scoure«l  with  piimicc'  [xtwder  (or  its  e<|uivalent ),  rinse«l.  dipjMil  for  a 
moiiHiif  in  dilute  hydriK-hloric  acid,  a^ain  rins<-<l,  and  at  once  hun;_'  in 
the  depositin;;  vat. 

C:ust  iron  is  first  j>lacc<|  in  the  pota.sh  hath  to  n'lnove  j;re:i.sy  matter, 
well  rinse*!,  then  allowe<l  to  remain  for  some  time  in  a  pickle  of  dilute 
-ulphuric  acid  to  partially  di.ssolve  of!'  and  j)artially  soften  the  s<iile 
that  <'overs  it,  rinsed,  then  thoroujjhiv  brushed  with  pumic**,  rins*-*!, 
dippnl  for  a  moment  in  dilute  livdnM-hlori*-  acid.  :i;^iin  rins*-*),  and 
immediately  placc<l  in  the  nickel  Itath. 

Many  operators  vary  the  above  metlxKls  of  clcan>in^  somewhat,  but 
they  are  followed  -ubstantiallv  as  jjiven,  bv  the  majoritv  of  nickel- 
|»laters.  With  liritannia-tnetal,  |K>wter,  and  other  o<)m|>«»sitions  of 
comparatively  low  conductive  power,  it  is  to  be  i*tH-otnmended  to  ;jive 
them  a  j)reliminary  coatin«;;  of  cop|H'r,  for  which  pur|Me<'  the  cvuni<le 
bath  is  commonly  eniplov(H|.  Many  o|H*nitors*  pn'fer  also  to  eop|MT 
articles  of  iron  and  steel  prepar:itory  to  nickel-plating.  The  ailvanta^es 
w^'ured  ar<>  a  iK'tterconcluctini;  surface  upon  which  to  lay  on  the  ni<"kel, 
and  a  more  tenacious  dej>osit,  havini;  in  the  «-:»s«'  of  a  heavv  ctiatin^  of 
nickel  less  tendency  to  flake.  Where  a  sulistantial  ami  dumblc  ni«"kel 
deposit  is  re<|uirc<l  on  iron  and  steel,  and  «>spe«>iallv  when-  the  .articN-j* 
are  to  be  cxpose«l  to  the  atiuosphen',  or  will  Im'  subject  t«»  much  hand- 
liui:.  :i  pre|Kiratorv  ix>atinjj  with  coppt>r  is  almoe<t  indis|H'n.sal>le.  In 
the  earlier  days  of  nickel-plating  it  was  the  almost  univers:d  pnictio' 
to  fii-st  c«)pper  all  in)n  an<l  stit'l  articles. 

The  enormous  extension  of  nickel-plating;  of  late  years  ha-«  czuisotl 
its  application  to  an  endues  variety  of  articU^<  of  trifling;  value  men-ly 
to  enhaiKX'  their  In-auty,  and  this,  together  with  the  severe  «T>mjM>tition 
among   thof«o   in   the  Inisiness  ha.s  o>mbineil   to  crau.se  a  ver>  p-nenil 
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deterioration  in  the  quality  of  nickel-plated  work.  The  necessity  of 
doing  cheap  work  is  responsible  for  the  fact,  therefore,  that  thou- 
sands of  articles  are  turned  out  of  the  nickel-plating  works  with  the 
merest  wash  of  nickel.  The  want  of  durability  exhibited  by  these 
inferior  goods  has  had  the  consequence  that  many  have  formed  a  low 
estimate  of  the  utility  of  nickel  as  a  protective  coating  for  metals, 
which  it  is  far  from  deserving. 

It  is  important  that  the  work  should  be  examined  very  shortly  after 
it  has  gone  into  the  nickel  bath,  to  observe  whether  it  has  been 
"struck "and  its  general  appearance.  Should  dark  streaks  exhibit 
themselves  upon  the  work,  they  may  indicate  either  that  the  current  is 
too  intense,  or  that  the  work  has  not  been  properly  cleansed.  Such 
streaks  will  often  be  observed,  starting  from  joints,  seams,  or  rivets, 
where  the  grease  from  the  buffing-wheel  may  have  secured  lodgment, 
and  from  which  it  is  difficult  to  perfectly  remove  it.  In  such  cases 
the  work  must  be  removed  and  given  another  thorough  pumice  brush- 
ing and  rinsing,  and  again  immersed  in  the  depositing  vat. 

As  has  already  been  briefly  noticed,  the  harchiess  of  electro-deposited 
nickel  renders  it  impc»ssible  to  finish  the  plated  articles  by  burnishing. 
It  is,  therefore,  necessary  to  prepare  the  surfaces  of  the  articles  to 
receive  the  nickel  deposited  before  they  are  plated,  in  order  to  reduce 
the  subsequent  finishing  operations  as  much  as  possible.  On  this 
account  it  is  customary  to  polish  .the  surfaces  of  articles  to  be  plated  on 
buffing  wheels.  In  case  the  surface  is  very  rough,  as  is  sometimes  the 
case  with  articles  of  iron  or  steel,  it  may  be  necessary  to  grind  it 
smooth  upon  the  emery  wheel.  The  work,  when  removed  from  the 
nickel  bath,  is  dipped  for  a  few  moments  into  boiling  water,  and  then 
rapidly  dried  in  sawdust.  It  is  now  ready  to  be  polished  on  the  buif- 
ing  wheels  when  it  is  finished. 

The  length  of  time  required  to  produce  a  sufficiently  heavy  deposit 
of  nickel  will  depend  on  the  strength  of  the  current,  the  condition  of 
the  bath,  and  the  character  of  the  articles.  Brass  and  copper  articles 
usually  receive  a  sufficiently  heavy  coating  in  half  an  hour ;  for  wares 
on  which  an  extra-heavy  coating  is  desired  the  time  of  immersion  is 
extended  to  an  hour  or  even  longer.  Iron  and  steel,  Britannia-metal, 
pewter,  etc.,  require  a  longer  time  of  immersion  than  brass  or  copper, 
even  though  given  a  preparatory  coating  of  copper,  because  of  their 
comparatively  inferior  conductibility.     A  good  coating  of  nickel,  prop- 
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rrlv  laid    on,  |hihs«s.«h.'h  (^rciit  duniliility,  utui  witli   onlinarv  u<<ip'  will 
l.'Lxt  for  iiiaiiv  Vi-iirM, 

Old  iiickcl-plati-il  work  whi<'h  it  i**  di-sinil  to  rcplatc  ••liMiid  f\r*t  be 
itriiUM-fi,"  OH  in  fonml  nfi'«'Hmirv  witli  tin-  pn-^-ioii**  iintal-.  For  thin 
l»iir|K»H<'  a  mixtiip'  of -iilplniri*-  and  iiitri**  afid-*  i"*  cdinniMrdy  om|il«»yf^l, 
NN'utt*  r»'<'<)iimu-iid«*  tin*  followiii;;  iiiixtiiri'  wlii<*h  will  U-  found  wry 
Hrrvir<«l)l<',  viz.:  **  I  iHHmd"*  strong  xMl|ihiiri(*  a«'id,  1  |M»iind  nitri** 
ari<|,  ami  aJMHit  1  jHiit  of  water."  By  vol  hum-,  tlu-^e  pn)(K»r1  ion*  would 
Im'  approximately  :  Strong  •sulphuric  a«id  '2  \r.\rt>*,  nitrir  a«'i<l  1  jwrt, 
\vat<r  I  part.  The  mids  >li<)ul<l  Im'  add***!  to  tin-  water  un«ler  o>n-tant 
stirring.  Thix  Htrippitif;  liipiid  may  lie  \vuh\  either  <v>ld  or  nli^htly 
warm.  It  afts  promptly,  nnioviti^  a  lijrht  (-oatinj;  of  ni«kfl  in  h-^n 
iliati  a  minut*',  and  a  lniivy  om*  in  a  frw  minuti-r'.  To  avoid  (mntatni- 
natir»^  the  solution  a-*  Utile  an  |M>?^ild«*  with  th«'  nictnl  of  the  wares,  the 
o|M'n»tion  should  Iw  rl«»-^'ly  watrlH^I  and  tin-  arfii'lr-^  r»Mnovet|  from  th«' 
arid  just  i\s  s<M»n  at  the  nickel  has  Ikmmi  diH«*<ilve«l.  The  pre|mration  uf 
the  strip|MHl  arti<"les  for  n'-niekelinp  should  Im' the  s^anje  as  f«»r  new 
work.  Articles  may  Ik*  -tripiM**!  in  tli**  nickel  Uith  l»y  the  onlinark* 
artifice  of  «>onne<'tin^  tluMu  as  an<Mlcs,  hut  the  pnuiio-  is  n'prchcti«.il>le, 
as  the  purity  of  the  hath  will  therehy  Us-fmie  im|Kiin'<l  hy  the  <Milution 
of  the  metals  com|N)sin^  the  wan-s.  When*  the  current  is  u*w<<i  for  the 
purpos4',  therefore,  a  s«'panite  solution  shoidd  In-  us«>«|,  and  for  this 
piM'po-.4-  NN'att'.s  sujjj^e^liof)  to  us<'  as  a  strippin;;  solution  dilut*-  ••ul- 
jdiuric  acid  which  will  di-x-Mdvi-  nnkel  n^dily  without  appn"<'ial»Iy 
atUftitij;  hnisH,  may  Iw  re4si(nmend«<«l.  I'nderall  nrctimstim««e«*,  how- 
ever, the  arti«'lc>  should  Ik«  hnikeil  at  from  time  to  time,  and  remov»><l 
as  »<K)n  a.s  they  are  fnv  fn>m  nickel.  It  is  in)|Nirtunt,  however,  that 
the  old  nickel  he  thoroughly  cU>ane<l  ofl'  tn  previ>nt  the  |)eelin)(  of  the 
>'nli'*4'<|Ui'nt  ni<-kel   dejHisit. 

ri.ATlN(}    UTIII    .NICKKI.    nv    IMMKRSIO.V. 

Stollmt  describes*  the  following  simple  pnn«ww  for  niekel-plalin^ 
without  the  Ikidtery,  which  may  In*  u-^efullx  applieil  in  ihe  ai.*^*  of -iumII 
ohjei't.t.  IK'  dilutts  a  otnceiitniteil  («ohtti<>n  of  chloride  of  «ine  with 
iwi«v  it.H  volume  of  water.  This  mixture  he  U»iU  iu  a  txjpper  vcwel, 
adding  a   few  «lro|is  of  muriatic  ueiti  •should   ihert'  u|)iM>:ir  a  pnvipitate 

•  Watt.  Klrrtn*- Mr ((Ulurffjf  ,7lh  FA.),  114.  ft»t.f 
t  Journal  Chrmicnt  ,Kocirtjf,  xl,  4<WS. 
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of  basic  chloride  of  zinc.  He  thereupon  adds  a  small  quantity  of 
powdered  zinc.  This  addition  causes  a  deposit  of  zinc  upon  the  vessel. 
Thereupon  sufficient  chloride  or  sulphate  of  nickel  is  added  to  the  bath 
to  give  it  a  distinctly  green  color,  and  the  previously  cleansed  articles 
are  then  immersed  in  the  liquid  in  contact  with  zinc,  and  allowed  to 
remain  therefor  about  fifteen  minutes,  the  temperature  being  main- 
tained at  boiling  during  the  operation.  If  the  coating  is  found  to  be 
insufficient  the  articles  are  again  immersed  until  a  deposit  of  sufficient 
thickness  is  obtained.  In  this  way,  he  claims  to  be  able  to  coat  satis- 
factorily, articles  of  zinc,  cast  and  wrought-iron,  steel,  and  copper. 

By  an  analogous  process  described  by  C.  Mene,*  it  is  affirmed  that 
metallic  articles  may  be  plated  with  nickel  by  immersing  them  in  con- 
tact with  zinc,  in  a  boiling  neutral  solution  of  chloride  of  zinc,  in  Avhich 
is  contained  fragments  or  a  plate  of  nickel.  Should  the  solution  be 
acid  the  plating,  it  is  asserted,  will  be  dull.  By  this  procedure  the 
author  claims  to  be  al)le  to  coat  articles  of  iron,  steel,  copper,  brass, 
zinc  and  lead. 

Where  electrotypes  of  type  or  engravings  are  to  be  printed  with 
colored  inks  that  are  disposed  to  become  chemically  affected  by  contact 
with  the  usual  copper  surface  (as  for  example  vermilion,  which  becomes 
brownish)  it  is  customary  to  give  the  copper  electrotype  a  thin  coating 
of  nickel  in  the  usual  manner.  This  nickel  renders  the  electrotype 
proof  against  the  above-named  difficulty  that  jjrinters  experience  with 
electrotypes  not  so  protected. 

By  methods  and  solutions  analogous  to  those  described  for  nickel, 
electro-deposits  of  cobalt  may  be  obtained.  The  electro-deposits  of  this 
metal  equal,  if  indeed  they  do  not  surpass,  those  of  nickel,  in  whiteness 
and  brilliancy  of  lustre.  The  costliness  of  the  metal,  however,  prevents 
its  use  for  this  purpose. 


Black  Phosphorus.  —  Many  chemists  dispute  the  existence  of 
black  phosphorus,  regarding  it  as  a  mixture  of  ordinary  phosphorus 
with  traces  of  a  metallic  phosphorus  which  gives  the  color.  Without 
denying  that  this  may  often  be  the  case,  Thenard  reports  an  experi- 
ment which  leads  him  to  doubt  that  it  is  always  so. —  Comptes  Renclus, 
Aug.  28,  1882.  C. 


*  Chemical  News,  xxv,  214. 
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Density  of  Liquid  Oxygen. —  M.  OilVrt  •ImIiu**-!!,  rn.m  the 
fx|xriiu>  111-  <it  I'i'  I' t,  iIh-  |>r-'l>:ii>l«-  value  of  Hi  fur  the  deii-ity  of 
li(|iii)l  oxyfi^iiti.  riiiH  reHiilt  i>4  not  tru'^t worthy,  n\ncv  it  (Io|m*im1ii  iipMn 
uii  ••>tiriiat<*  of  the  (jiiantity  of  oxyi^eii  whieh  wtill  reimiiuil  in  a  ptn- 
eoiiH  Htute  in  Pjeiet't  a|>|»aratu>i.  Thin  «|i)antity  cuntMK  Im-  (tihMihitcd, 
even  approximately,  Ih^-jium'  it  reipiin^  an  exact  k  now  lei  i^- of  the  laws 
wliirh  nitlact*  the  law^  of  Mnriotte  and  (tiiv-Lu>«uii',  and  the  knowl- 
»M|)_'e  ot  the  <li-triliiiti<>n  of  temjwnitnn"  in  th*-  ;;tl«m'ou'.  rna-^**  which  i* 
(oiinil  in  the  uni-hilh-d  p<»rtion  of  the  tnlM*.  Wrohlew^ki  lind.-,  I>y  an 
iiulimt  inetlitMl,  which  i.«*  «le?*<TilM"«l  in  the  pnM^ttlin^  of  the  Fn-ncb 
A<"nletny,  •H!».*)  n*  ih<-  in<»st  prohahh-  value  of  tlw  ih-n-itv,  I)uinaH 
coUMiders  tlii-*  n>«ult  an  a  <*ontirniation  of  the  view>  which  he  had 
announ(H><l  in  corn|Hirin^  oxygt>n  to  »«iilphur. — Chmptrs  Hentlua,  .Inly 
!<;,  1883.  < 

Critical  Temperature  and  Pressure  of  Oxy^n. — S.  Wn.b- 
lewHki  com prctiscH  oxygen  in  n  vertic:d  ^Ijih**  tnln",  lient  in  it**  up|MT  |K>r- 
tion  H4»  an  to  In*  plun;:e<]  into  liijuid  cthyh'tie,  and  pn>dnc«-^  a  vacuum 
ahove  the  ethylene  liy  the  aid  of  a  jMiwerful  pump.  Tin-  |Hirti<>n 
which  !•<  pltin^etl  into  the  ethylene  ha.»  the  tem|M'niture  of  the  litjuiil, 
hut  in  the  other  portion  the  trm|Mnitun'  incn-tiM-.,  after  a  n-mdar  law, 
with  dif*tanc<'  from  the  .«*urfan-  of  th«-  li<piid  ethylene.  The  tem|MT:i- 
ture  of  the  ethylene  de|M'ndin^  u|Min  the  ile^re**  of  the  vacuum,  the 
pn-^-^ure,  which  i-*  oh«M'rv«><l  when  the  first  trtio's  of  liipiid  otvjjeti 
ap|K-:ir  at  the  Ixtttom  of  the  curviil  an«I  ciMile*!  |>ortion  of  the  tultc, 
lepn'M-nts  the  pn-rtnure  of  li«piefaction  for  the  c»irn-»|M»nilin^  tem])eni- 
III .  If  a  lar^'  «piantity  of  ^a.'M'«)u.H  oxy^*n  i;*  u-hiI,  oimI  the  ipinntity 
1. 1  liipiid  oxyp-n  incmuHil  hy  diminishing  the  vcdume  of  the  unli<pie- 
fietl  ^as,  it  is  fttund  that  in  proportion  a-^  the  column  of  li<piid  «>xv^en 
-urpasMf*  the  levi-l  of  the  ethylene  the  prt^sure  incn':t'*e!* ;  the  liipiid 
oxyp'M   com*'?*    into   the   pjirt    of  the   tuln-  when-   the   t» ;  ■•■   in 

^re:,ter  thai)  that  of  the  liipiid  ethyhne  and  the  olt^TViil  j  .-nr- 

ropond"'  to  tin-  tem|H*niture  <»f  the  tuU*  at  the  place  of  the  uxy|»en 
umimmU}*.  If  the  ex|MTiment  is  «'ontinu»>«l.  so  a*  to  incn-as«>  the  heii;ht 
i)l  the  oxyp'U  column,  a  prt^vsure  is  tinally  nnichetl  at  whi»'h  the  men- 
i?«'U!»  jMuipletely  dis;ipp«»ar*.  \Xa  phu-c  am  Ih'  n»on*ly  sus|»i>ic«l  fn»ra 
the  dilVeri'ntx'  of  the  rt-fmn^ihility  of  the  lijfht  alxuve  and  l>ol«»w.  A 
diminution  of  pressun'  make^  the  m«'nls«'ns  aptin  vi^ilde.  This  phe- 
nomenon always    n-.ipiH-ars  at    the   swme  prtrsMirt-  of  aUmt  5<>  atm***- 
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pheres.  A  similar  phenomenon  can  be  produced  with  carbonic  acid, 
and  by  experiments  in  b'fjuefying  both  these  gases  Wroblewski  has 
arrived  at  — 113°C.  ( — 171-4°F.)  as  a  first  approximation  of  the  crit- 
ical temperature  of  oxygen.  By  combining  this  result  with  those 
which  he  published  in  a  previous  note  {Comptes  Rendus,  xcvi,  1142), 
we  may  obtain  an  idea  of  the  curve  of  liquefaction. — Comptes  Rendus, 
July  30,  1883.  C. 

Analogy  between  Allotropic  Phosphorus  and  Arsenic. — 

R.  Engel  has  shown  that  when  arsenic  is  isolated  from  one  of  its  com- 
pounds, at  a  temperature  below  300°  (508°F.)f  it  has  an  allotropic 
state  which  he  calls  amorphous.  The  amorphous  arsenic  differs  from 
crystallized  arsenic,  both  in  density  and  in  its  point  of  sublimation. 
In  these  two  respects  amorphous  arsenic  approximates  to  white  phos- 
phorus, and  crystallized  arsenic  to  red  phosphorus,  the  crystals  being 
isomorphs.  Both  white  phosphorus  and  amorphic  arsenic  are  sub- 
limed at  a  temperature  below  that  of  transformation.  Neither  red 
phosphorus  nor  crystallized-  arsenic  can  be  sublimed  at  that  tempera- 
ture. The  vapor  of  red  phosphorus  gives  white  phosphorus  when  it 
is  cooled  below  the  temperature  of  transformation,  the  vapor  of  crys- 
tallized arsenic  gives  amorphic  arsenic  uuder  like  circumstauces. — 
Comptes  Rendus,  April  30,  1883.  C. 

Mechanical  Glass  Blowing. — A  small  apparatus  was  invented, 
in  1824,  by  a  workman  of  Baccarat,  to  supplement  the  ordinary  pro- 
cess of  glass  blowing.  It  is  known  as  the  Robinet  piston,  and  renders 
useful  service,  but  the  small  quantity  of  air  which  it  is  able  to  com- 
press makes  it  available  only  for  small  pieces.  Messrs.  Appert  have 
devised  a  process,  in  their  factory  at  Clichy,  in  which  they  use  air 
stored  under  great  ])ressure,  so  as  to  dispense  altogether  with  the  neces- 
sity of  blowing  by  the  mouth.  Glass-blowers  are  peculiarly  suscepti- 
ble to  various  disorders,  such  as  diseases  of  the  lips  and  cheeks,  and 
predisposition  to  tumors  and  rupture.  These  affections  are  the  more 
serious,  because  boys  are  often  employed  when  the  system  is  weakened 
by  rapid  growth.  The  high  temperature  and  dry  atmosphere  increase 
the  unfavorable  hygienic  conditions.  The  new  process  entirely  sup- 
presses mouth  blowing  by  boys  and,  with-  rare  exceptions,  by  adults 
also.  The  manufacture  of  glassware  is  thus  ameliorated  by  rapidity 
of  execution,  as  well  as  by  the  perfection  and  the  large  size  of  the 
pieces  which  are  produced.  —  Comptes  Rendus,  June  4,  1883.  C. 
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Modifi Caution  of  the  Law  of  Isomorphism. — Afvonlinp  to 
.Mit'»<lMTli«li,  tw«>  iMMJii"?*  an-  mll«|  'immuir\*Un  when  thrv  linvi-an  anal- 
«»jroiiM  rhciiiini!  ••orn|K»^ition,  pn-^-nt  tin*  name  «TVHiaHin«'  fnrin.  awl 
itm  (TVHt«lliz4-  Io^iiIk  r  in  the  HiitiH*  <nHtnlH.  SrheiliUr  nMuark«-«l  the 
iH4>miirphiHiii  of  mot^t  <>f  the  metiitun^tute**,  although  they  do  not  c»o- 
tniti  the  sime  <|iiiintitv  of  wafer  of  rn'Htallirjition.  M:irijrrir»i'.  in  hi* 
JMiij^nifuvnt  mUkIv  of  Hilieottin^^tntcT*,  hiw  ^howii  that  th«'r»*  i-*  a  |"rf»-«i 
iM4unor]>hiMni  of  the  acid  Hilieotiin^tatot  of  Ijoryta  and  of  liiu««  and  of 
rhoinl)oh4*4lri<-  silic-otun^tic  arid.  Mon'over,  a  "inall  i|uantity  of  jiot- 
a>«h  catj  replan-  the  ^^uter  in  the  arid,  without  atti'rin^;  the  fn-»talline 
fornj.  The  sinie  author  n-j^ardn  «t.Ttaiu  <louhh'  t1uorid<?«  andoxyfluor- 
iih-s  ai4  ixoniorphH.  KK'in  \itv<  deM'ri)>e«i  various  i!>oniorph*>,  aixi  he 
]iro|MMM-H  to  adopt  Mari^iuir'-^  nxMlification  of  the  law  of  iMiniorphl^ui, 
vi/..,  i.H4)n)orphH  either  have  a  like  eheniieal  e<»n»|KMiti«»n,  or  th«'y  have  a 
<-orn|MK«ition  whieli  in  approximately  nimilar,  while  eneloninf;  a  gn>Mp 
of  eoninion  elein*-nt.'«,  or  of  funetionn  iheniindly  identind,  whieh  form 
niu.li  ilir  I'P-.ifot  part  oftlic  wit'lit. —  CmitiJ.A  ///-n'/-'..  <  >■  f .  .'V».  l^'^'J. 

Origin  and  Periodicity  ol  ComeU.  -<  linl'-    \    A«npr  h:i» 

«'X;miiii<<l  MailNr-  i-.ilal'>j;Uf  <>t"  iiinntar\  orliil-,  oivrrinj;  a  |»»Ti«"l  of 
2.{  c"«*nturi»?<,  and  findn  inditiition^  of  a  thirtwn-<UyH'  |ieriuii,  hut  the 
old  oliM'rvations  are  in  iiher  rip»rou-  nor  numeniu-^  en<»ut;h  to  ^ive  tJie 
date  of  |M'rihelion  with  pnti^ion.  lie  ha«,  thcn-fon-,  .Hupplenuntttl 
tlii.H  study  with  iniMlern  ohM.'rvatiou.H,  which  ai^*  sutlieiently  prtvine  to 
furnish  the  date,  within  a  ilay,  for  all  the  cx»n»et/»  which  have  Ui-u 
f)l>s«'rv«<il  U'twivn  1M77  and  lHS'2.  On  dividing;  the  intervals  Uiwi-en 
their  .sU(x<esf(ive  |ierihelia  hv  whole  nundii'i>,  he  find-  unit  |M-riiRlj» 
nin^fin^  lN>tW(H->ii  lO'H.'t  and  \  \'2't  ilays,  the  nitiin  value  living  l'2'M 
davs,  which  is  almost  pnt'isidv  that  of  a  itular  half  rotation.  He 
t'oncludt-s.  ihen'fon-,  that  the  orij»in  of  (>i»metf«  must  \n-  intiniately  cim- 
iKili^l  with  the  rotation  of  the  sun.  Sup|Hj(«iii|;  that  there  aret\vo 
points  U|M»n  the  sun's  surfa«i'.  difVerin>»  in  lon^itutle  l»y  alunit  *  - 
is  the  caM*  in  the  two  ivntres  of  jyclonic  di.«turliiince  <Hi  th- 
Hurfa<v,  the  formation  of  i^ometM  may  lie  explained  by  en«»rmott!»  cxplo- 
.sioius,  driviny^  the  material.H  of  tlu'  pn»tuU«raiHx*«  to  di-tano-*  ol'  Imu- 
dre«l.s  «)f  ihoustuidf)  of  kilometn'^. — (omfMi-n  Hmdus,  Jan.  "^    1^"»  '..  C. 

Vegetable  Acclimation. — \Unm  de  Brandis  i;i\.>  s..ni,  .  ur'-vis 
int'oriuation  aUait  the  t-han^<?i  in  the  time  of  tlowerin^  o|   the  't^tiria 
WttoLK  No.  Vol.  CXVII.— vThikd  Suuia.  Vol.  UjuitiI)  li 
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dealbata,  which  was  imported  from  Australia  into  India.  For  fifteen 
years  after  its  introduction  it  blossomed  in  October.  In  1860  the 
flowers  appeared  in  September;  ten  years  later  in  August;  in  1878, 
during  the  month  of  July;  in  1882,  in  June,  It  therefore  required 
thirty-five  years  to  adapt  itself  to  the  climate  of  India,  and  to  modify 
its  vegetation  so  that  the  phases  would  agree  with  the  seasons  of  its 
new  home. — Les  Mondes,  Aug.  4,  1883.  C. 

Metallization  of  Wood. — Rubennick's  process  steeps  the  wood  in 
a  bath  of  caustic  alkali,  for  two  or  three  days,  according  to  its  degree  of 
permeability,  at  a  temperature  between  164°  and  197°  F,  The  wood  is 
then  placed  in  a  second  bath  of  hydro-sulphate  of  calcium,  to  which 
is  added,  after  24  or  36  hours,  a  concentrated  solution  of  sulphur. 
After  48  hours  the  wood  is  immersed  in  a  third  bath  of  acetate  of  lead, 
at  a  temperature  between  95°  and  122°  F,,  where  it  remains  from  30  to 
50  hours.  After  a  complete  drying,  the  wood  thus  treated  is  suscep- 
tible of  a  very  fine  polish,  especially  if  its  surface  is  rubbed  with  a 
piece  of  lead,  tin,  or  zinc,  and  finally  finished  with  a  burnisher  of  glass 
or  porcelain.  It  then  looks  like  a  metallic  mirror,  and  is  completely 
sheltered  from  all  the  deteriorating  effects  of  moisture. — Les  Mondes, 
July  28,  1883.  C. 

Oxycitric  Acid. — Edmund  Lippmann,  a  German  chemist,  has 
discovered  in  the  incrustations  which  are  deposited  in  the  evaporators 
during  the  manufacture  of  beet  sugar,  a  crystal lizable  body  which  is  a 
very  energetic  tribasic  acid.  He  regards  it  as  identical  with  the  pro- 
duct which  has  been  described  by  Parvoleck,  under  the  name  of 
oxycitric  acid. —  Les  Mondes,  July  28,  1883.  C. 

Nervous  and  Intellectual  Contagion. — The  contagion  of 
nervous,  intellectual,  and  moral  phenomena,  is  attracting  the  attention 
of  French  physicians.  It  comprises  nervous  tics,  epileptiform  dis- 
orders, insanity  and  other  mental  affections,  the  inclination  to  suicide^ 
crime,  etc.  M.  Rambosson,  a  laureate  of  the  French  Institute  has 
published  an  octavo  volume  of  four  hundred  pages  upon  the  subject, 
which  was  presented  to  the  Academy  of  Medicine  by  Baron  Larry,  in 
very  complimentary  terms. — Les  Mondes,  July  7,  1883.  C. 

Periodicity  of  Comets. — Prof  Zenger  has  examined  the  dates 
of  the  perihelia  of  the  comets  which  have  been  observed  since  1877, 
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.iixl  liiids  that  tlieir  HUOoeBsivc  intervals  are  rnultipleij  of  12'o6  days,  or 
one  half"  rotation  of  tlic  sun.  He  <l(xlii(<'s  from  thif  fa<-t  infcn-ncea 
wliicli  will  bo  of  great  conscijuence  if  they  are  well  sii.-tain«<l.  I.  The 
comets  are  prodiieetl  by  violent  explosions,  which  throw  the  gases  to 
hundreds  of  thousands  of  kilometres  from  the  sun.  When  this  pro- 
jected matter  en<ftunters  a  cosmic  mass  the  latter  will  form  the  nucleus 
of  the  comet,  and  the  gitsi-ous  mat<'rial  will  Ix.'  the  tail.  II.  The  dura- 
tion of  the  cometary  revolution  will  Ik*  a  multiple  of  the  solar  half 
rotJition.  If  .S'  is  the  solar  rotiitiou,  and  T  the  c«jmetan»'  revolution, 
we  have 

rp "nS 

2 

The  value  of  n  for  Enckc's  comet  is  9');  for  IJrorsen's,  1'j9;  for 
Tempel's,  173.— Lrw  MouiUh,  June  15,  188.*].  C. 

Phosphoric  Glass. — The  ph«)sphoric  ;xlass,  which  Sidot  dts<ribe<l 
to  the  I'n  iich  Acailemy,  resembles  ortiinary  glass  in  density  and 
refnicting  |>ower,  but  it  is  only  slightly  affecteil,  if  at  all,  by  fluor- 
hydric  acid.  l]ii(< imaged  by  the  interest  whicli  was  manifesteil  in  the 
Arademy,  he  has  continuetl  his  exjK>riments,  an«l  has  submitte<l  a 
number  of  retorts,  tuin's,  etc.,  to  the  Afjidemy  f«)r  examination. — 
ComptcH  liendm.,  June  11,  1883.  C. 

Choice  of  a  Prime  Meridian. — The  Minister  of  Public  Instruc- 
tion >ubmitte«l  to  the  French  At-ademy  thi'  projxjsid  of  the  I'niteii 
States  government  tor  an  international  congn'.ss,  to  n-lect  a  universal 
prime  meridian  and  to  Jigrei'  upon  a  common  standard  of  time.  M. 
Faye,  on  behalf  of  the  committee  to  whom  the  subjwt  was  intrusted, 
c<»rdially  rtH-ommended  tiie  act-eptance  of  the  pro|>osid  and  the  apjx>int- 
ment  of  scientific  reprt^sentativcs  of  the  various  intcn-sts,  of  astron- 
omy, navigjition,  telegraphy,  gi'ojrraphy,  and  terrestrial  physii's.  M.ile 
Chancourtois  projxisetl  a  decimal  division  of  the  day  and  of  the  cir- 
<'umfeivncc  of  tin*  gloU',  somewhat  similar  Xo  that  which  w:is  adoptcil 
after  the  first  French  Revoluti<tn,  so  as  not  only  to  adopt  a  uni- 
versid  hour  but  also  a  universal  scale  for  the  absolute  measure  of  time. 
He  thought  that  the  prime  meridian  shouKl  either  U?  that  of  Ptolemy 
or  that  which  jkisscs  through  IVhring's  stniits,  InUh  t)f  which  would 
l)e  free  from  any  eoni{x'tition  of  national  priile,  since  they  traverse  no 
habitable  lands.  —  C 'om;rf*v»  Iu'uihu<,  Jan.  lo,  1883.  C. 
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Principle  of  the  Telephone.  —  Prof.  Govi  has  contrived  an 
experiment  which  he  calls  a  demonstration  of  the  principle  of  the 
telephone.  He  takes  two  tuning  forks,  which  he  puts  in  close  prox- 
imity to  two  magnets,  each  of  which  is  surrounded  by  a  copper  wire 
which  serves  to  connect  them  together.  On  sounding  one  of  the  tun- 
ing forks  with  a  bow,  the  vibrations  are  transmitted  by  the  wire  and 
are  reproduced  in  the  other  fork. — Les  Mondes,  March  17,  1883.  C. 


CORRESPONDENCE. 


To  the  Committee  on  Publication. 

In  Science  of  January  25th  last  I  find  the  following,  in  a  communica- 
tion by  Professor  Eddy,  referring  to  the  Second  Law  of  Tiiermody- 
namics,  as  published  in  your  Journal  :  "  In  my  reply  in  the  same 
Journal  for  June,  1883,  I  showed  the  fallacy  of  his  objection.  So  far 
as  I  know,  Professor  Wood  has  taken  no  notice  of  that  reply,  and  now 
completely  ignores  it." 

Having  been  called  to  an  account  in  this  public  manner,  I  may  be 
pardoned,  at  this  late  day,  for  saying  that  I  intentionally  ignored  it, 
for  it  contained  no  reply  to  my  argument. 

Yours  truly, 

De  Volson  Wood. 


To  the  Committee  on  Publication : 

Gentlemen:— In  the  Journal  of  the  Franklin  Institute  for 
January,  1884,  I  have  noticed  a  criticism  by  Mr.  Hugo  Bilgram,  on 
ray  proposition,  published  in  the  December  issue  of  1883,  page  471, 
and  it  seems  to  me  that  your  correspondent,  in  quoting  from  Dr.  Gras- 
Eof,  that  a  level  surface  is  such  "that  the  resultino-  force  of  all  attrac- 
tions  is  in  all  points  normal  to  the  same,"  should  have  observed  that 
this  same  force  must  necessarily  act  in  a  normal  direction  upon  the 
contiguous  level  surface,  for  otherwise  there  would  be  a  tangential 
component  disturbing  the  supposed  equilibrium  of  the  liquid  mass. 

This  justifies  my  tacit  assumption  that  the  inner  surface  of  the  uni- 
form and  exceedingly  thin  stratum  of  liquid  which  is  in  my  demon- 
stration supposed  to  become  like  a  shell,  is  a  surface  of  level,  and 
consequently  my  conclusion  is  unavoidable.  L.  d'Auria. 

Philadelphia,  February  20,  1884. 
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List  of  Books   added  to  the  Liukary   during  October, 

NOVEMHEU    AND    DE<EMBEIt,  ISS.i. 

Academic  des  Sciences.    Tables  G6ii6rales  des  Comptes  Reudus,   Tomes. 
1-Gl,  in  2  Vols.     Paris,  1853  and  1870. 

Academic  Rovale  des  Sciences,    Lettres    et    Ikaux-arts  de  Ikl^ique. 
Tables  G6n<:'niles  des  Bulletins.    2*.  Serie.     Tomes  21-50.     1867- 

1880.  Bruxelles,  1883.  From  the  Academy. 

Adams,   II.     Notes    in    Mechanical    Engineering.      L<jndon.      Sj)on, 

1883. 
Adjutant  General  of  Pennsylvania.    Annual  Ile|K>rt.     186G.    Ilarris- 

burg. 

Allentown,    Pennsylvania,      Annual    Reports    of    the    \N'ater    Com- 
missioners for  187G,  1877,  1879-1882. 

From  the  Commissioners. 

American  Academy  <»f   Arts  and   Sciences.     Proceedings.     V<tl.   10. 
1882-1883.      Boston.  From  the  Academy. 

Ameritan  Agriculturist.     Vols.  1,  2,  3,  5-10,  inclusive.     New  York. 

American  Association  for  the  Advancement  of  Sfieiio".     Ro|)orts  of 
pHK-cedings  of  7th,  13th  to  2()th,  and  27th  to  31st  Mtvtings. 

From  the  Association. 

American    Kphemeris   and    Nautical    Almanac,    for    1884    to    1886. 
W;L<hiiigton.  From  the  SujK'rinteudent. 

AnuriciiM  Kxchange  and  Review.     Vols.  1  to  4  antl  6  and  7. 

From  John  A.  Fowler.     Editor.      Philadelphia. 

American   (nographicjd  and  Statistical  Society.     Journal.     Vol.    1. 
New  York. 

American  Geographical  Society.     New  York.     Journal.     Vols.  3  to 
13.     1870-1881.  '  From  the  Society. 

American  Iron  and  Steel  Association.     Bulletin  No.  27.     -Vugast  24, 

1881.  Vol.15.  From  the  Secretary. 

American  Journal  of  Microscopv.     Januarv,  March,  April  and  June, 
LSSI.  '  From  Dr.  \\ .  H.  W;Uil. 

Amoric-.ui  Machinist.     Nos.  4,  G,  S,  10  .ind  12  of  Vol.  1,  1S7S.     New 
York.  From  tiie  l*ublisher. 

Araeriain  Monthly  Micros<vpic:il  Journal.     June  and  Aiiiru^t.  1881. 

From  Dr.  W.  11.  Wahl. 

American  Pharmaceutiad  Association.     Procee<lings.     1871  to  1881. 
Philadelphia,  From  J.  M.  5laisch.      E«.liior. 
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American  Philosophical  Society,  Catalogue  of  the  Library.  Part  I. 
1863.     Philadelphia.  From  the  Society. 

American  Philosophical  Society.  Transactions.  New  Series.  Part  1. 
Vol.  16.     Philadelphia,  1883. 

American  Printer:  a  Manual  of  Typography.  Philadelphia,  1883. 
From  MacKellar,  Smiths  and  Jordan,  Publishers. 

American  Water  Works  Association.  Constitution  and  By-laws,  with 
Proceedings  of  1st  and  2d  Annual  Sessions.     1881  and  1882. 

From  J.  H.  Decker,  Secretary. 

American  Water  Works  Association.  Annual  Reports.  1st  to  3d. 
1881-83.  From  J.  G.  Briggs,  Terre  Haute,  Indiana. 

Army  Register.     Official.     January,  1876.     Washington. 

Ashburner,  Chas.  A.  Anthracite  Coal  Beds  of  Pennsylvania.  Phila- 
delphia, 1882.  From  the  Author. 

Ashburner,  Chas.  A.  New  Method  for  Estimating  the  Contents  of 
Highly  Plicated  Coal  Beds  as  applied  to  the  Anthracite  Fields  of 
Pennsylvania.  From  the  A.uthor. 

Ashburner,  Chas.  A.  New  Method  of  Mapping  the  Anthracite  Coal 
Fields  of  Pennsylvania.     1881.  From  the  Author. 

Astronomical  and  Meteorological  Observations  made  in  1 879.  Wash- 
ington, 1883.  From  the  United  States  Naval  Observatory. 

Astronomical  Observations  made  under  the  Direction  of  M.  F.  Maury, 
1845.     Washington,  1851.     From  the  Nautical  Almanac  Office. 

Atlantic  and  St.  Lawrence  Railroad  Company.  Annual  Reports, 
1844-1883.     Portland.  From  the  Company. 

Auditor-General's  Report  on  Railroads  of  Pennsylvania.  1863,  1864 
and  1866.     Harrisburg. 

Bailey,  R.  A.  United  States  National  Loans,  1776-1880.  Washing- 
ton, 1882.  From  the  Treasury  Department. 

Baltimore  and  Ohio  Railroad  Company.  Annual  Reports,  1859- 
1882.  From  the  Secretary. 

Baltimore,  Md.  Annual  Report  of  the  Water  Department  to  the 
Mayor  and  Council  for  1882. 

From  B.  K.  Martin,  Chief  Engineer. 

Bangor  and  Piscataquis  Railroad  Company.  Reports  of  the  Directors. 
1876-1882.  •     From  the  Company. 

Banker's  Magazine.     April,  1867  ;  August,  1868.     New  York. 

From  I.  S.  Homans. 

Banks  and  Saving  Institutions  of  Pennsylvania.  Reports  for  1880. 
Harrisburg.     From  Hon.  G.  W.  Hall,  House  of  Representatives. 
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Bay  City,  Mich.     Aniiii.il   Kf'port'*  of  the  .Sn|>erinten<lf'nt  of  Water 
WorkH,  1875,  1s77-1hhJ.  Vnmi  th«-  SujxTinteudeiit. 

H«Tth<Ii(t,  M.  P.  E.      ExpI«wivL-  MaUrialj*.      N«w   York.      Van  No»- 
traii<l.      lM8o.  Kroin  iht-  I'lihli-iJit-r. 

Biiif^hampton.      Annual  Ko|M)rt.'*  of  the*  I^urd  of  WatiT  Comini**ion- 
enj  for  1870,  1878-1880  and  1882.         From  the  Commit* ionere. 

Blair,  H.      liecturcH  on  Uhetorio  and  Ik-Hw  lyettrw*. 

From  B.  B.  McKinlt-y. 

Blake  Manufacturing  ('oin|Miny.      Ilhit«tnitMl  Catiilugue  of  Inipntvt.'d 
Steam  Pumping  Ma<*hinery.     New  York. 

From  the  Company. 

Bl(j<Iget,  L.     Census  uf  Manufacturers  of  Philadelphia,  188']. 

From  CImrleH  Bullcx-k. 

Ii4»Hnl  of   A^;ririiltnrc  of    PcnnHvIvania.     Annual    Il<'port   for    1X82. 
llarri.slnirg,  iss;;. 

From  lloii.  (i.  W .  Hall,  House  of  Kepre«<'ntativ«r!*. 

Boanl  of  F^lunition  of  First  School  District.     Philadelphia.     Anniuil 
Hc|M)rts.     IMI'I-IMM.'..  From  the  B«nl. 

Board    of    Ilciilth.      Philadelphia.      Annual    l{e|>orLs    for    1800    and 
1877.  From  His  Honor  the  Mayor. 

Board  of  Pnltlic  Ivlucation.  Sixty-fourth  Annual  Ke|»<»rt.  Phila- 
delphia, lHs;{.  From  the  Ii4«inl. 

Boanl  of  Pul)li<-  Works.  Chicago,  III.  Tenth  Annual  Ke|K»rt. 
1M70-1K71.  From  the  BtMinl. 

Boanl  of  Su|Mrvi.-in^  lns|M"<1or»  of  St»-.im  \'<-rv"M  U.  Pntc^ecding^  of 
the  'MH\i  .Viiniial  M^n-tin^'.      18X2.      Witshinj^toii. 

Fn»m  the  SujMTvising  Inspector  Cieneral. 

Board    of    iVaile    of    Philadelphia.      Annual    Hei)orts.       18fJ.'>-1882. 

Fn>n>  (i.  L.  Bur.Wy,  S«»'retark-. 

Boston,  Conconl  an<l  Montreid  I^iilmad.  Twentv-seventh  to  Thirtv- 
seventh  Annual  Ivc|K»rt.s  of  the  Dinvtors.      187.V18S.'J. 

From  tlie  C«»m|wny. 

livxston  .Journal  of  Chemistry.  Missing  No8,  ntjuirvtl  t«»  txnnplete 
S'rial.     lioHton. 

Boston,  Ma-ss.  Annual  ltejH)rLs  of  the  C<H*hituate  Water  It. an!  to 
Citv  Council  for  1805,  I8o7,  1858,  18(J(^V-18G1)  and  1871,  1872 
ami  187l-lS7r.. 

Annual  l{e|>orts  of  the  Water  B^ianl  for  1878  to  1883. 

l>escription  of  the  Water  Work.«»,     Oiicago,  1878. 
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Report  of  the  Medical  Commission  upon  the  Sanitary  Quali- 
ties of  Sudbury,  Mystic,  Shawshine,  and  Charles  River 
Waters.     Boston,  1874. 

Report  of  the  Cochituate  Water  Board.     October  31,  1873. 
Boston,  1874. 

Report  of  Joint  Standing  Committee  on  Water,  with  Report  of 
City  Engineer.     Boston,  1874. 

From  A.  Febs,  Chief  Assistant  City  Engineer. 

Special  Report  of  the  Water  Board.     Sept.  6,  1883. 

Boston  Public  Library.  Annual  Reports  of  the  Trustees.  1854— 
1877.     Boston.  From  the  Library. 

BrevMs  d'Inventions.     Tomes  104  et  105.     Paris,  1883. 

From  Ministre  du  Commerce. 

Brewer,  Distiller  and  Wine  Manufacturer.  Philadelphia  :  P.  Blakis- 
ton.  Son  &  Co.     1883.  From  the  Publisher. 

Bridgeport  Hydraulic  Company.  Reports  of  the  Superintendent  to 
Directors.     1876,  1879,  1881  and  1883. 

From  the  Superintendent. 

Briggs,  R.     Steam  Heating.     New  York.     Van  Nostrand.     1883. 

From  the  Publisher. 

Brooklyn  Library.  Annual  Reports  of  the  Board  of  Directors. 
Brooklyn,  N.  Y.,  1865-1882.  From  the  Librarian. 

Brown,  J.  C.  French  Forest  Ordinance  of  1689.  Edinburgh : 
Oliver  &  Boyd.     1883.  From  the  Publishers. 

Brown,  Thos.  Lectures  on  the  Philosophy  of  the  Human  Mind. 
2  Vols.     Boston,  1826.  From  B.  B.  McKinley. 

Browne,  W.  R.    Student's  Mechanics.    London:  Griffin  &  Co.,  1883. 

Buck,  Rev.  C.     Theological  Dictionary.     Philadelphia,  1838. 

From  B.  B.  McKinley. 

BuiFalo,  N.  Y.  Annual  Reports  of  the  City  Water  Works,  1872^ 
1877  and  1879-1882.  From  the  Water  Commissioners. 

Builder.     1843-1844  and  1877.     London,  1844  and  1877. 

Bureau  of  Education.  Department  of  Interior.  U.  S.  Annual 
Reports  of  Commissioner  of  Education,  for  1868  and  1881.  Wash- 
ington. 

Answers  to  Inquiries.     By  C.  Warren.     Washington,  1883. 

Circulars  of  Information.     July  and  August,  1870  ;  November 
and  December,  1871 ;  April  and  November,  1872;  January, 
February,  March,  June  and  Nos.  1  and  3,  1874;  Nos.  3  and 
■  4,  1879;  No.  3,  1883.     Washington.     From  the  Bureau. 

(To  be  continued.) 
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KiNEMATifW;  OR,  Mk<  iiAMCAL  MOVEMENTS,     MacConl.    .'^36  pagea. 
8vo.     New  York:  Johu  Wiley  <fe  Sons,  1883. 

Unless  it  is  the  intention  of  the  author  to  make  the  present  volume 
only  one  of  a  very  larj^e  numl>er  of  volumes,  it  would  seem  much 
Ix'ttcr  to  <-all  it  what  it  is,  a  treati.se  on  piiriuj;. 

On  opening  the  book  one  is  at  once  ])leiLsantly  iraprossed  by  the 
great  neatnes.s  and  number  of  the  drawings.  Moreover,  these  drawingi* 
are  not  slavi.sh  (-opics  from  iinacktnnvle<lgetl  .s<»urre8,  such  as  we  t<K> 
often  see,  Init  are  many  of  them  original,  and  when.*  they  are  not  new, 
are  great  improvements  ui)ou  the  rude  outlines  given  by  Willis  and 
ICiinkine.  It  is  indeed  im|)ossible  to  have  too  nuiny  or  too  good 
(Iniwings  for  .such  a  work  a.s  thi.s. 

Tiiere  is  another  {>oint  alM)Ut  the  lx)ok  worth  noting.  Internal 
evidence  shows  in  every  chapter  that  a  vast  amount  of  work  not  shown 
to  the  careless  n-adcr  has  Ixm  done.  The  minnte?«t  details  have 
evidently  been  given  much  thought,  and  jmNsibly,  experimental  pnM.f. 
There  has  been  no  careless  genenilizing  after  the  manner  of  Kankine. 
Indecil,  we  might  say,  that  there  is  no  genenili/ing  at  all  in  the  Ixiok. 

This  is  a  d(vi<leil  advantage  for  the  nuH-hanic  who  only  iLses  the  lxK»k 
for  the  sjHK'ial  meihanism  of  which  he  desires  to  avail  himself;  it  may 
be  reg:irded  as  a  deficiency  where  we  use  it  as  a  text-l>ook  for  students. 
Thi.s  deficiency  c:in  well  l)e  excnseil  by  any  {KTson  wh«»  has  had  to  work 
iij)  a  subject  thoroughly  el.si'where  in  onler  to  gnisp  the  me:ining  of 
Uankine's  vague  and  vast  general i/Jitions,  or  who  has  found  himsi'lf 
left  at  the  gtiteway  of  |)ra«'ticjd  apj»lic;iti«>n  by  Willis,  with  perhaj*>  the 
.severest  work  yet  to  be  done  before  he  n>alizes  what  he  ilesircs  tt> 
atx'omplish. 

We  fear  that  tt>o  nuich  creiiit  is  given  to  those  who  in  the  j>ast  have 
rei'ordi'd  a  new  idea  and  have  left  others  to  determine  limitation.s  and 
ext'cptions  which  will  render  it  u.seful  or  ct»rrect  in  itt;  application. 
The  iralfy  new  ideas  are  few,  and  most  of  our  great  autJioritics  are 
men  charade ri/.txl  by  a  facility  of  expn'ssion  whicJi  has  enabh^l  lii-  u 
to  collate  an«l  arnmge  what  is  thuiting  in  the  intelle»'tual  atmosplu'r<  : 
of  tlieir  tinu-s  ;  they  have  been  lHH»kkeej)era,  rather  than  active,  busy 
Miechanics  or  men  of  origiiuil  thought,  and  seem  rather  to  have  great 
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power  of  absorption  and  assimilation  than  of  original  thought.     Few, 
indeed,  are  the  really  original  thinkers. 

Prof.  MacCord  deserves  credit  for  independence  in  having  subjected 
authority  to  careful  scrutiny  before  accepting  it.  His  adherence  to 
graphical  methods  and  to  simple  geometrical  and  algebraic  methods 
will  be  a  great  relief  to  the  busy  man  of  the  shop,  yet  it  is  a  serious 
defect  in  the  classroom. 

It  would  have  been  better,  and  have  given  students  a  broader  com- 
prehension had  Prof.  MacCord  shown,  as  can  be  shown,  that  equations 
can  be  established,  from  the  consideration  of  two  axes  in  space  joined 
by  a  common  normal,  which  will  make  one  group  of  cylinder,  hyper- 
boloid  and  cone,  and  admit  of  one  general  graphical  solution  if 
necessary. 

It  would  have  been  easy  to  call  the  attention  of  students  to  the  fact 
that  the  family  of  hyperboloidal  gears  are  characterized  by  teeth  whose 
directrices  lie  parallel  to,  or  are  coincident  with,  the  generatrix  of  their 
pitch  surfaces  and  are  straight,  and  that  spiral  gears  of  all  kinds  diifer 
only  in  that  the  directrix  of  the  tooth  forms  an  angle  with  the  genera- 
trix of  the  surface. 

The  treatment  of  cutters  given  is  elaborate  and  does  give  a  clear 
idea  of  what  cuttei's  are  and  what  they  are  intended  to  produce. 

Pratt  &  Whitney  receive  a  puif,  and  Brown  &  Sharpe  a  criticism, 
which  should  not  appear  in  a  scientific  work.  Really  Saxton  deserves 
the  credit  of  having  devised  what  seems  to  have  been  awarded  to 
Pratt  &  Whitney  and  Brown  &  Sharpe. 

Every  mechanic  knows  that  "vvhile  probabilities  of  error  exist  in 
Brown  &  Sharpe's  method  of  transference  of  shape  of  teeth  to  throat 
tools,  still,  milling  the  edge  of  a  cutter  leaves  it  without  clearance  in 
the  case  of  Pratt  &  Whitney,  and  this  latter  point  is  not  mentioned. 

One  ought  to  be  fair  if  one  assumes  the  role  of  umpire  in  business 
matters. 

Pages  186  to  195  are  devoted  to  the  determination  of  a  series  of 
cutters  by  graphical  methods.  The  condition  that  the  addendum  to  a 
cut  tooth  is  one  diametral  pitch  would  render  this  solution  more  exact 
and  brief  analytically.  For  instance,  if  we  call  a  the  angle  between 
a  line  drawn  through  the  centres  of  pitch  and  describing  circles  and  a 
line  drawn  from  the  centre  of  the  describing  circle  to  the  outside  corner 
of  the  epicycloidal  tooth,  we  have  the  following  equations  for  computing 


I 


March,  1884.]  Book  Notices.  235 

accurately  the  tlii*  kiie-s  of  a  <iitt<r  for  any  |)it<'h  describing  circle  and 
number  of  teeth. 

Co.s.  a  =  1  —  — — '-. 

in  which  7i  =  mnnber  of  teeth   in    wheel  desired  and  (/ =  number  of 
teeth  in  straight  flank  i>iiiion. 
The  thickness  of  cutter  Tthen  is 

T= _L_   Hill.  I        -4-    ^a  —  sm.    '    I sin.  aA  I 

p  L  n        2/1  \2(n  +  2)  )\ 

in   which  _=  the  diametral  pitch. 
P 
If  we  assume  this  to  be  1,  and  compute  the  .series,  we  have  only  to 

divide  by  the  number  oftcHith  per  inch  to  ol)taiu  the  exact  thickness  of 
cutter  for  any  pitch  and  for  any  .system  whatever  that  we  may  have 
fixe<l  np<in. 

There  is  an  unj)lca.sint  attectatioii  of  familiarity  of  s|>eech  in  part.s  of 
the  book  that  could  well  l)e  spared.      T1W«  p.  220,  for  instance. 

"The  fallacy  al)Ove  mentione<l,  if  crushe<l  by  theory,  is  pulverized 
by  practice." 

The  great  excellence  of  this  work  lies  in  its  drawings  and  the 
microscopic  thoroughness  of  its  scrutiny  of  details. 

It  is  far  more  valuable  to  the  j»ractitioner  than  any  yet  written   in 

English  aii<l  is  well  worth  reading  by  every  student  of  mechanism. 

The  faults  are  trifling  and  its  merits  manv. 

W.   I).   M. 


ELKtTUinTY,  MA<iNhrrisM  AM)  Klkciiuc  TKLE(;KAriiv  ;  a  Prac- 
tical Guide  and  IIandb<M)k  of  (Jeneral  Information  for  Electrical 
Students,  Operators  and  Inspectors.  By  Thoma"  P.  I.^>ckwotHl. 
New  York  :   D.  Van  Xostnind,  publisher. 

This  is  a  volume  of  377  pages,  contiiining  a  large  amount  of  prat^ 
tical  information  clearly  and  coiici.<ely  pn'MMittnl.  Al)out  150  jxiges 
are  devotetl  to  practic;U  telegraphy  and  t«'lepliony,  ami  the  chapter  on 
electriral  mcjisurements  is  also  written  with  sj)ecial  reference  to  its 
application  to  telegraphy.  The  information  is  given  in  the  form  of 
question  and  answer,  and  the  (|uestioiis  an*  just  such  as  woulil  l)e  a-^ked 
by  an  unsiientilic  person  pnicticjilly  eng:igetl  in  the  utili/::ition  of  the 
mysterious  forces  of  electricity  and   magnetism  to  give  him  a  general 
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knowledge  of  the  subject.  It  is  what  it  professes  to  be,  a  handbook, 
and  is  a  good  one.  There  is  a  noticeable  absence  of  anything  like 
"  padding,"  and  there  is  a  freshness  in  the  method  of  presenting  the 
underlying  principles  of  the  science  which  makes  the  volume  a  very 
attractive  one.  E.  A.  S. 


Satura-TEd  Steam  the  Motive  Power  in  Volcanoes  and 
Earthquakes  ;  Great  Importance  of  Electricity.  By  R.  E.  Pea- 
cock, C.  E.  F.  G.  S.  Second  edition,  improved.  London  :  E.  &  F. 
N.  Spon,  16  Charing  Cross;  New  York:  44  Murray  street.  1882. 
Pp.  198. 

The  improvements  appear  to  consist  chiefly  in  a  supplement  of 
addenda  and  errata,  in  number  about  thirty,  and  in  space  fifty  pages. 
The  author  refers  to  and  copies  a  review  of  his  first  edition,  which  he 
states  appeared  in  the  January  number  for  1883  of  "  that  first-class 
scientific  publication,  the  Philosophical  3Iagazine"  with  which  he 
expresses  himself  "  on  the  whole  gratified,"  and  which  says :  "  Evi- 
dence is  quoted  from  various  authorities  to  the  effect  that  (1)  free  hydro- 
gen has  been  detected  in  the  flames  issuing  from  certain  volcanoes ; 
(2)  the  temperature  of  the  combustion  of  oxygen  with  hydrogen  is 
14*541  °F.;  (3)  clouds  of  steam  are  frequently  ejected  from  volcanoes; 
(4)  the  pressure  of  saturated  steam  at  14*541  °F.  is  about  one  million 
tons  per  square  inch."  Hence  the  conclusion  that  "  there  is  no  other 
terrestrial  force  at  all  approaching  to  saturated  steam  in  power  and 
magnitude,"  and  the  question  (about  volcanic  eruptions  and  earth- 
quakes). Will  any  man  venture  to  deny  that  saturated  steam  was  the 
active  agent  on  these  occasions?  answered,  further  on,  thus:  "This 
steam  necessarily  causes  earthquakes  and  volcanoes,  for  how  is  it  pos- 
sible that  so  very  vast  a  power  can  remain  idle  ?  " 

After  referring  to  the  author's  experience  on  a  runaway  horse,  which 
he  cites  in  support  of  his  theory,  the  reviewer  proceeds :  "  In  other 
cases,  statements  of  fact  are  generally  freely  supported  by  quotations 
from  authority ;  the  author  even  thinks  it  as  well  '  to  prove  by  a  quo- 
tation from  '  Chemistry '  that,  since  air  and  water  were  present  in  the 
volcano  of  Java,  oxygen  and  hydrogen  were  necessarily  present 
also.'  " 

The  author  stands  by  the  propriety  of  this  quotation,  since  he  says, 
in  a  foot-note :  "  It  is  not  quite  every  reader  who  knows  what  gases 
water  is  composed  of.     Hence  the  reference  to  '  Chemistry.'  " 
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The  paasage  in  question  may  Ix*  presentecl  a.s  a  specimen  of  the 
general  style  of  the  work.  "  We  will  now  prove  by  a  quotation  from 
'Chemistry'  that,  since  both  air  and  water  were  present  in  the  volcano 
of  .Java,  oxygen  and  hy<lrogen  were  necessarily  present  also.  For 
these  are  constituents  of  air  and  water.  Moreover,  we  cannot  doubt 
that  electricity  was  present  also  to  decompose  them  into  their  constitu- 
ent elements.  For  it  is  notorious  that  clcctricitv  has  often  Ix-en  seen 
active  in  volcanoes." 

The  review  concludes:   "The  style  is  not  always  ch^ar." 

The  sj)ecial  point  sought  to  Ik;  enforced  in  this  edition  is  that  the 
moving  force  is  "saturated  electric  steam,"  as  to  which  the  author 
specially  expresses  himself  in  a  postscript,  on  page  184,  though  in 
wliat  manner  the  steam  becomes  electric  he  is  not  at  all  clear  ;  and, 
though  he  spa\ks  fr(H|ueiitly  of  electricity  and  of  electric  steam,  it 
would  evidently  give  him  much  trouble  to  formulate  his  views  U|>on 
the  subject  in  accordance  with  any  accepte<l  theory. 

The  author  has  industriously  compilefl  a  disjointed  mass  of  infor- 
mation upon  the  subject  of  cartlKpiakes  an<l  volcanoes,  but  it  is  diffi- 
cult to  trace  his  deductions  from  them;  that  steam,  "electric"  or  other, 
is  suflicient  in  force  to  effect  a  volauiic  explosion,  or  an  earthquake,  is 
j)laiii,  without  arg\nnent ;  that  it  is  the  cause  of  them,  an<l  espei-iaily 
that  "electric"  steam  is  the  moving  agent,  is  not  demonstratetl  by  his 

bo<.k.  c.  >r.  K. 


EijyTRiciTV  IX  TnKouv  ANI>  PRACTICE;  or,  the  Elements  of  Elec- 
trical Engineerini;.  ^^\■  Lieut.  Bradley  A.  Fiske,  V.  S.  N.  New 
York:  D.  Van  Nostrand.      Philadelphia:  II.  Carey  Haird  &  Co. 

"The  design  of  this  book  is  to  form  a  bridge  Ijetween  works  written 
on  the  theory  of  electricity  and  works  treating  of  the  practical  appli«i- 
tioiis;"  or  more  particularly  to  "explain  the  theory  of  the  j)ractic;il 
applications."  The  range  of  subjects  trciitixl  are  Magnetism,  Fricti<»nal 
Electricity,  "Work  and  Potential,  Voltaic  liatteries,  I^iws  of  Currents, 
Soi*ou(lary  or  Storage  Batteri(s,  Thermo-EIectric  Batteries,  Elei'tro- 
Magnetism,  Induction  Currents,  f^lei^trical  Measurements,  Telegraphy, 
The  Telephone,  The  Electric  Light,  Electric  Machines,  Eleotn>->rotors. 
EK'ctrical  Distribution  of  Power  Metei-s,  and  Electric  Railwavs. 

Those  parts  of  the  book  devoted  to  des<Tij)tions  of  appli<xitions  par- 
ticularly deserve  praise  for  the  elegant  clearness  and  neatn«^s  of  treat- 
ment.    There  is  absence  of  prosy  and   nuiddled   descriptions,  while 
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salient  points  are  presented-  with  much  vigor.  Indeed,  the  author 
must  be  complimented  upon  the  general  clearness  of  his  style  in  present- 
ing the  elementary  features  of  Electrical  Engineering.  The  happy 
omission  of  the  unnecessary,  inclines  us  to  overlook  the  omission  of 
several  points  one  would  like  to  see  treated  in  a  w^ork  of  this  character. 
We  may,  however,  suggest  that  the  actual  "theory"  of  the  book  might 
with  advantage  to  many  readers  have  been  carried  further.  We  should 
perhaps  have  had  a  fuller  explanation  of  the  methods  of  measurement 
as  applied  to  Magnetism,  and  at  least  a  reference  to  forms  of  Electric 
Induction  Machines  later  than  the  Holtz.  The  description  of  Thermo- 
Electric  Batteries  would  not  lose  by  mentioning,  along  with  the  many 
of  perhaps  less  importance,  those  of  the  Clamond  and  other  useful  types. 
Then  the  chapter  on  Practical  ^Measuring  Instruments  might  without 
detriment  have  included  descriptions  of  Sir  Wm.  Thomson's  Graded 
Galvanometers  and  an  inkling  of  the  theory  of  their  construction. 

As  the  work  stands  it  is  useful  and  valuable,  and  will  no  doubt 
find  many  pleased  and  profited  readers.  M.  B.  S. 


Franklin    InRtitute. 


[Proceedings  of  the  Stated  Meeting,  Wednesday,  February  20,  1884.] 
Hall  of  the  Institute,  Feb.  20,  1884. 

The  meeting  was  called  to  order  at  the  usual  hour,  with  the  Presi- 
dent, Mr.  Wm.  P.  Tatham  in  the  chair.  There  were  present  198 
members  and  1 9  visitors.  The  minutes  of  the  January  meeting  were 
read  and  approved.  The  Actuary  submitted  the  minutes  of  the  Board 
of  Managers,  and  reported  that  at  the  stated  meeting  held  Wednes- 
day, Feb.  13th,  11  persons  had  been  elected  to  membership. 

Mr.  S.  Lljoyd  Wiegand  presented  a  further  communication,  respect- 
ing the  use  of  cast  iron  in  steam  boilers,  illustrating  the  same  by  the 
bursting  by  hydrostatic  pressure  of  a  model  of  the  exploded  "Gaffney  " 
steam  boiler.  The  paper  was  discussed  by  Messrs.  J.  W.  Nystrora 
and  the  author,  and  will  appear  in  the  Journal. 

The  Secretary's  report  included  remarks  on  the  Tunnel  under  the 
Mersey,  the  state  of  the  Bessemer  Steel  Industry  in  the  United  States, 
the  insufficiency  of  Life  Saving  Appliances  on  Shipboard,  the  Cause 
of  the  Red  Sunsets,  and  a  description  of  several  mechanical  inventions. 
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viz.:  the  Fulton  Steel  Pulley,  f<liowii  on  behalf  of  the  Indianajxjlis 
Machine  aiul  Bolt  Works.  It  is  clainnMl  for  this  [)ull<'y  that  it  com- 
bines strength  and  lightness  t^>  an  unusual  degree.  It  consists  of  three 
parts — the  rim,  the  disk  and  the  hnb.  The  rim  and  disk  are  of  steel, 
and  the  hub  of  malleable  iron,  a  special  f'-iittire  of  the  invention 
residing  in  the  c(jrrugation  of  the  steel  disk,  which  is  affirme<I  to  add 
greatly  to  the  strength  of  the  [)ulley.  These  corrugations  are  done  in 
a  press,  in  which  the  hot  steel  sheet  is  placed  for  the  purpose.  The 
Metzler  &  Burrell  Improved  Kailway  Signal  Lantern,  for  use  by 
trainmen,  gatenicn,  etc.,  has  two  globes,  of  ditfcrent  colors,  joined 
together  at  the  centre  by  bayonet  locks  and  catch.  The  handle  passes 
through  the  centre  of  the  lantern,  and  is  attache<l  finnly  to  the  lamp, 
forming  an  axis  upon  which  tiie  lantern  may  revolve.  Only  the  up})er 
half  of  the  lantern  is  illuminated,  tlie  lower  half  l)eing  darkene<l  by 
the  IkkIv  of  the  lamp.  The  handle  catches  to  the  rim  of  the  half  that 
is  uppermost.  Thus,  if  a  white  or  clejir  light  is  showing,  and  it  is 
necessary  that  a  signal  of  danger,  or  re<l  light,  be  in.'^tantly  given,  a 
revolution  of  the  lantern  (which  can  Ik*  made  in  less  than  one  second) 
gives  the  n-d  light,  or  danger  signal. 

In  addition  there  were  shown  and  descril)€<l  an  improved  fire  esca{)e 
invented  by  Mr.  John  IlarjM^r,  of  Duncannon,  Pa.;  th«'  Cianlner  <Sc 
Woodbridge  Threading  Tool,  made  by  the  Hartford  Tool  Comjmny  ; 
an  improved  door  knob,  dispensing  with  the  side  or  set  screw,  maile 
by  the  Yale  and  Towne  Manufacturing  Com|KUiy,  of  Stamford,  Conn., 
and  an  imprt»vement  in  car-couplers,  invention  of  Aaron  Park,  of 
Ottumwa,  Iowa. 

Mr.  David  Cooper  exhibiteil  a  fine  suite  of  specimens  of  Direct  Life- 
size  Camera  Portraits,  illustniting  the  j)rogress  lately  made  in  dry- 
plate  ph(»tognjphy.  These  |)ietures  were  taken  with  dry  plates  pre- 
pared i)y  the  Eastwick  Dry  Plate  Com|uiny,  of  New  York. 

Mr.  Washington  Jones,  seconde*!  by  Mr.  G.  M.  Eldridge,  oftcred 
the  following  preamble  and  resolutions,  which  were  adopteil : 

Whkhkas,  The  Ameriejin  Society  of  Civil  Knjcinei'rs,  and  the  Anierican 
Society  of  Mcclianieiil  Kn^;inel'rs  are  urninjr  iii>oii  Congress  tlie  ini|M>rtance 
to  the  Mechanic  Arts  of  a  thoroujih  invi'stipation  of  the  strength  and  other 
(|ualities  of  materials  used  for  structural  j)ur|H»ses  ;  and 

Whkkkas,  The  Franklin  Institute',  in  the  year  183»ilS37,  by  it-  Com- 
mittee on  the  Kxplosions  of  Steam  Hoiler><,  conducted  a  series  of  experi- 
nientx   made  at   the  rtHiijcj»t  of  the   Treasury  l>ei>artnu'nt  of  the   United 
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States,  and  submitted  a  valuable  report  upon  its  "examination  of  the 
strength  of  the  materials  employed  in  the  construction  of  steam  boilers"* 
made  with  such  appliances  as  were  then  obtainable  ;    and 

Whereas,  The  Franklin  Institute,  believing  that  a  continuance  of  such 
investigations,  with  the  improved  means  of  the  present  time,  will  prove  to 
be  of  much  benefit  to  the  large  and  diversified  industries  of  the  country  ; 
therefore  be  it 

Resolved^  That  the  petition  of  the  Franklin  Institute  be  presented  to 
Congress,  respectfully  asking  for  the  "appointment  of  a  Committee  of  Ex- 
perts for  the  testing  of  iron,  steel  and  other  building  material,"  with  a  suit- 
able appropriation  for  its  expenses. 

Mr.  Samuel  Sartain  offered  an  amendment  to  the  by-laws,  i.  e.,  to 
add,  at  the  close  of  Article  III,  Section  3,  the  following  words  :  "  Pro- 
vided, that  no  payment  less  than  the  full  contribution  for  one  year 
shall  entitle  the  member  to  admission  to  the  Exhibitions."  It  was 
ordered  that  the  proposed  amendment  take  the  usual  course  prescribed 
by  Article  XVI. 

The  following  were  named  by  the  President  to  constitute  the  Stand- 
ing Committees  of  the  Institute  for  the  year  1884  : 

On  the  Library. — Andrew  Blair,  Charles  Bullock,  J.  Howard  Gibson, 
Fred'k  GrafT,  Wm.  D.  Marks,  S.  H.  Needles,  Isaac  Norris,  Jr.,  Chas.  E. 
Ronaldson,  Lewis  S.  Ware,  Jos.  M.  Wilson. 

On  Minerals. — Clarence  S.  Bement,  Persifor  Frazer,  F.  A.  Genth,  Edwin 
J.  Houston,  George  A.  Koenig,  Otto  Liithy,  E.  F.  Moody,  H.  Pemberton, 
Jr.,  Theo.  D.  Rand,  Wm.  H.  Wahl. 

On  Models. — Edward  Brown,  H.  L.  Butler,  C.  Chabot,  L.  L.  Cheney, 
N.  H.  Edgerton,  John  Goehring,  Morris  L.  Orum,  Chas.  J.  Swain,  John 
J.  Weaver,  S.  Lloyd  Wiegand. 

On  Arts  and  Manufactures. — J.  Sellers  Bancroft,  Geo.  Burnham,  Cyrus 
Chambers,  Jr.,  Geo.  V.  Cresson,  Wm.  Helme,  Wm.  B.  Le  Van,  Alfred 
Mellor,  J.  W.  Nystrom,  Henry  Pemberton,  John  J.  Weaver. 

On  Meteorology. — David  Brooks,  J.  B.  Burleigh,  Wm.  A.  Cheyney,  J.  A. 
Kirk  Patrick,  T.  B.  Maury,  Isaac  Norris,  Jr.,  Hector  Orr,  Alex.  Purves,  M. 
B.  Snyder,  Wm.  H.  Wahl. 

On  Meetings. — Charles  H.  Banes,  A.  B.  Burk,  G.  Morgan  Eldridge, 
Fred'k  Graff,  Washington  Jones,  J.  E.  Mitchell,  H.  W.  Sellers,  M.  B. 
Snyder,  Wm.  H.  Thoi-ne,  John  J.  Weaver. 

Adjourned.  Wm.  H.  Wahl,  Secretary. 

*  See  Report  of  Committee  on  Steam  Boiler  Explosions,  Jour.  Franklin 
Institute,  Vols.  19  and  20,  new  series. 
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MECHANICS— IXTRODUCrORY. 


I'y  VnA.  Coleman  Sellers. 

I  ti-llvered  nt  the  opt-tiliii;  of  tlic  course  of  lectiir«'son  MeoliRnIc)*,  Friday.  NovemJ»er 
V,  IHiSI.    KovlKed  from  report  of  Phonograplier.J 


(ConcluiltNl  from  paK^  172.  i 

In  revi.sing  thi.'^  krtiire  for  pul)lic:»tion  in  the  Joikn.m.  uf  the 
Fr.\nklin  Institute,  I  cjinnot  help  irivlnj; another  ilhi>tr:ition  of  thisJ 
uncertainty.  An  eminent  ."Scientist  is  reporttnl  as  havinij  state<l  that  a 
horse-power  is  .'i.'^,(K)(>  Ihs.  raisecl  one  foot  high,  reganlles.s  of  the  time 
taken  to  r:tise  it  to  that  lieiirlit ;  that  .S.'^,(XM)  lbs.  rai.s«'<l  «»ne  foot  high 
in  a  minute  or  in  a  (hiy  in  eaeli  eas*'  expresses  the  sune  |K»wer.  I 
cannot  credit  this  and  I  will  not  do  so  unless  the  assertion  comes  tome 
in  print  fr<tm  the  hands  of  the  author.  It  is  so  easy  t»»  misunderstand 
a  speaker,  and  seientiHe  kvturcs  are  not  .s<i  correctly  rej>)rte<l  as  lec- 
tures involving  fewer  technical  terms. 

So  common  is  it  to  talk  of  the  |>ower  of  this  or  that  machine  as 
expressed  hy  horse-j>ower,  that  we  ftvl  as  if  its  true  definition  sh<»uld 
Iw  part  of  every  .s<h<M>l  Iwjy's  education.  I  think  that  it  shoidd  be 
made  a  part  of  tlie  tables  of  weights  and  tneasuri's  that  now  fonu  the 
school  hoy's  earlv  study.  Thcn^  shoidd  not  l»e  any  one  who  (sudd  not 
tell,  when  aske<l,  that  what  is  known  as  a  horso-|H)wer  is  a  force  itpial 
to  the  raising  of  .3.3,0(K)  lbs.  one  foot  high  in  a  minute,  an<l  that  weight, 
distance,  and  time  are  the  three  cs.s<^'ntials  of  hor.se-j>owers. 
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We  can  compute  tlie  power  of  the  hoisting  machines  we  have  used 
in  illustration  this  evening  and  determine  the  fraction  of  a  horse- 
power a  strong  man  can  exert  with  either  one  of  them,  if  we  find  what 
is  the  greatest  load  he  can  lift  with  the  machine  and  the  height  to 
which  he  can  raise  it  in  one  minute  of  time.  The  division  of  the 
weight  lifted  in  the  time  named  by  33,000  gives  us  the  horse-power 
exerted. 

In  this  city,  noted  for  its  great  manufacturing  establishments,  there 
seems  to  be  especial  need  of  instruction  that  will  fit  the  young  of  both 
sexes  for  work  that  will  be  remunerative  sooner  if  i^e  foundation  of 
useful  knowledge  is  in  a  shape  for  ready  use.  A  well-grounded  knowl- 
edge of  the  great  law  or  principle  of  conservation  of  energy  should 
be  taught  with  the  multiplication  table.  It  can  be  so  taught  if  the 
teachers  themselves  are  certain  that  there  is  in  the  universe  only  so 
much  energy  and  that  we  cannot  make  one  particle  more  than  already 
existed.  With  a  clear  understanding  of  this  principle  no  time  will  be 
wasted  in  search  after  perpetual  motion  machines,  and  fewer  mistakes 
will  be  made  by  really  earnest  seekers  after  improved  machines  for  use 
or  improved  methods. 

When  a  young  man  brings  to  me  some  wonderful  improvement  over 
the  ordinary  crank  motion,  some  device  that  is  to  supersede  the  crank 
of  the  steam  engine,  a  feeling  of  utter  helplessness  comes  over  me ;  I 
know  not  where  or  how  to  begin ;  he  has  had  no  opportunity  to  learn 
the  simple  laws  of  mechanics,  and  to  point  out  the  fallacy  of  his  argu- 
ment means  to  teach  him  the  laws  of  mechanics,  so  I  can  only  say  to 
him  "  Don't,"  and  may  advise  him  what  books  to  read. 

We  hear  or  read  almost  daily  of  the  wonders  of  science  and  what  is 
to  be  accomplished  by  electricity.  "  It  is  to  be  the  great  power  of  the 
future."  Is  it  a  power  now  ?  We  may  use  it  indirectly  to  drive 
machinery,  we  may  make  use  of  it  to  propel  the  cars  on  our  street 
roads,  but  is  it  a  power  in  the  sense  that  steam  is  a  power  ?  Let  us 
think  of  this  a  few  moments.  We  call  steam  a  power,  and  our  facto- 
ries are  driven  by  steam  power  ;  or  we  call  water  when  falling  a  power, 
and  we  drive  the  machinery  in  other  factories  by  water  wheels ;  or  we 
pump  water  into  the  reservoirs  at  Fairmount  by  water  power.  Where 
we  have  no  fall  of  water,  and  where  fuel  is  scarce  but  wind  plenty,  we 
grind  corn  in  a  mill  driven  by  wind,  and  the  wind  is  our  power ;  these 
and  other  sources  of  power  may  be  called  primary  powers. 

Secondary  power  is  that  which  is  transmitted  from  the  prime  motor 
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to  a  inacliiii*'.  One  niachiiu*  may  l>c*  drivtii  by  l>c'lt  jM»\\er  ami  another 
may  be  (hiven  by  ^ejirinj;,  ete.  Klc<'trieity,  a**  we  now  u«e  it,  as  a 
power  must  Ik*  clas.sed  in  its  j^niitr-jst  economy  with  the  sccomhin- 
powers,  with  the  belt  or  the  gearing,  not  with  the  st<':im  engine  and 
the  water  whe<'l.  We  dig  from  the  earth  rojil  that  eontaias  the  ston-d 
up  energy  of  the  "•un'>  heat  expen«h-«l  on  fi»rt>t-  that  exi>t<-<l  long  Ufore 
man  rame  to  live  on  this  planet.  We  burn  that  <-<)al  under  our  l>oil- 
ers,  and  the  steam  generatetl  by  thi.s  appliejitiun  <»f  he:it  to  water  i.s 
ushI  to  drive  the  piston  of  the  steam  engine  and  from  thene<'  is  the 
power  conveynl  by  belt  or  gearing,  by  shafts,  or  <'ven  by  eleetrieitv,  to 
(lie  machines  to  Ix.'  o|)erate<i.  We  can  burn  up  zinc  in  <*oKtlv  tu-ids 
and  generate  ele<'tricitv  that  <'an  be  usetl  to  drive  an  elei-tric  engine, 
and  so  in  turn  operate  machines  exactly  as  in  the  «-a.se  <»f  the  .-team 
engine.  In  this  ause  electricity  is  a  jM»wer  exactly  as  stwun  i-«  to  Ix* 
considere<l  as  a  power,  and  what  is  more  the  eK'<tric  batterv  will  give 
us  more  nearly  the  whole  of  the  stonnl-np  energv  of  the  metal  «-aten 
uj)  in  the  battery  than  the  most  improve«l  stejim  engine  am  give  u>  of 
the  stored-up  energy  of  the  coal  that  is  d(  vmire^l  in  the  furnatt-s  under 
the  boilers.  With  all  this  advantage,  elivtric  batteries  are  not  um-*!  to 
drive  machincij  with  any  hope  of  economicid  results. 

Zinc  has  been  gathered  from  the  t-sirth  as  an  ore,  it  has  l>een  con- 
verted into  a  metal,  or  the  metal  has  l)een  gathered  from  the  on*  bv 
meiuis  of  ci)al  and  much  labor  ;  it.s  market  priiv  is  measure*!  bv  the 
cost  of  its  prtKhntion.  To  burn  up  zinc  at  five  cents  a  |>ound  in  at-ids 
costing  but  few  cents  |K'r  pound,  with  a  certainty  of  getting  from  the 
metal  70  or  SO  per  ifut.  of  its  tln'oretical  energy  in  motive  f(»r<v,  vet 
makes  the  venture  a  mi>re  «'ostly  one  than  the  l»urning  «»f  coal  un«ler  a 
boiler  with  the  knowleilge  that  we  are  at  the  best  getting  but  little 
more  than  ten  jH'r  ivnt.  of  the  theoreti<-aI  power  that  Mi's  hidden  in  that 
coal.  The  electricity  tiiat  is  now  lighting  our  streets,  tiie  ehvtricitv 
that  is  utilizetl  in  places  t4»  drive  the  strwt  c«rs,  h:is  Itehind  it  the 
stejim  engine  or  the  waterfall,  the  wind-mill  or  s«me  other  motor. 

Jiy  mejins  of  a  st«am  engine  we  drive  a  dynamo-eleitric  machine, 
and  the  ele<'tricity  thence  pr»H-e».Hling  lights  our  street  or  mav  U-  recim- 
vertiil.  with  some  loss,  back  into  the  iK>wer  that  cresitetl  it;  tor  one 
dynamo  ma<hine  can  Ik-  made  thus  to  drivi'  anotiier,  the  ehvtricitv 
being  carrie«l  from  one  to  the  other  by  pn>|>er  c^>nductor«i  What  then 
is  ekn'tritity  as  we  now  use  it  in  the  way  of  jwwer  but  jis  the  belt/*  and 
the  gniriiig  that   carrii-s   (»ur  "^team  |H»wer  to  the  machine^?     It   is  a 
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belt  with  more  or  less  slip.  But  this  is  not  to  remain  so  forever. 
The  future  of  electricity  as  a  power  is  full  of  promise.  The  coal  we 
now  squander,  using  but  a  small  percentage  of  its  theoretical  dynamic 
force,  is  capable  of  yielding  its  energy  either  as  heat  or  as  electricity,  and 
the  time  will  come  when  we  will  not  burn  this  coal  to  boil  water  and 
in  that  boiling  lose  say  1,000  units  of  its  heat  at  the  moment  of  the 
conversion  of  water  into  steam,  lose  all  this  never  to  be  getting  it  back, 
but  we  will  take  from  the  coal  its  energy  in  the  form  of  electricity  we 
hope  in  more  near  ratio  to  its  true  value,  and  then  we  can  convert  that 
energy  into  whatsoever  other  form  of  energy  we  may  require.  The 
best  that  science  can  do  is  to  point  out  just  what  energy  there  is  in 
this  or  that  source  of  power.  The  most  we  can  hope  to  utilize  of  this 
energy  as  power  will  never  amount  to  100  per  cent.  Nature  gives  us 
nothing  without  exacting  something  in  payment. 

A  pound  of  water  is  the  same  as  a  pound  of  metal  so  far  as  its 
power  from  gravity  is  concerned.  In  falling  through  space  it  will 
exert  just  as  much  force  as  any  other  pound  weight  is  capable  of  doing 
and  no  more;  it  will  do  tlie  work  due  to  one  pound  falling  at  any 
given  v(!locity  less  the  friction  of  the  machine  or  of  the  moving  parts. 
We  turn  water  into  steam  with  a  certain  knowledge  of  the  power  that 
can  be  gained  by  using  the  elastic  vapor  as  a  spring,  or  we  may  tear 
the  gases,  Avhich  combined  form  water,  apart  and  use  these  gases  in 
recombination  to  produce  power,  but  less  power  than  was  taken  to  tear 
them  apart,  never  more. 

Science  has  made  us  so  sure  of  these  facts  that  we  can  base  our 
faith  on  them,  and  witli  this  knowledge  Ave  are  willing  that  others 
than  ourselves  shall  invest  their  money  in  machines  which  are  claimed 
to  be  able  to  develop  from  five  drops  of  pure  water  inclosed  in  a  ball, 
power  enough  to  propel  the  largest  steamship  across  the  ocean.  It  is 
ignorance  of  the  unalterable  laws  of  physics  that  leads  ignorant  people 
into  squandering  money  on  so-called  wonderful  inventions  that,  out  of 
nothing,  are  to  give  us  great  results.  An  ignorant  man  will  spend  his 
time  pondering  over  perpetual  motion  machines,  so  Avill  a  man  with 
brain  gone  Avrong ;  the  first  will  quit  his  folly  with  more  learning,  the 
second  finds  his  home  in  the  mad-house.  A  third  and  worse  class  aim 
to  deceive  and,  for  a  time,  many  a  one  has  done  so.  When  shrewd 
itT-norance  resorts  to  dishonest  methods,  the  confiding  public  is  apt  to 
suffer  in  pocket.  I  have  here  a  curious  document  which  I  will  read 
to  you : 
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WiiKKKAH,  The  inUTfi-roncf  of  tliv  \.i^U\uiuTv  of  I'eiiii«ylvaiila  in  eau*- 
\\\)l,  an  iiii|ulry  t4)  U-  iiiaili-,  n-Iativi-  l<>  tli<-  |N'rf«*<.ti<iii  or  iin|M-rfi'<-tioii  <if 
iM-wly  ii»vi-iitiM|  iitiu-lilricry,  U  not  without  prwtMU-nt  ; 

A.M>,  wiiKKKAs,  I(  hiiM  iKH-n  ri'|>rt'»MMit«-<i  thiit  Chttrh-«  H«'U«lhfffr.  of  thi* 
County  of  I*hilu<lfl|thla,  hiiM  invciit«-<|  a  niarliini-  «l«M'Iari'<l,  not  only  hy  tht- 
Invi-ntor  l»ut  liy  many  int«'lliifi-nt  iM-pMin*.  to  |MMMfMn  thi-  |mu-«'r  of  wlf- 
niotion  ; 

Am»,  wiiKltKAs.  ShouM  it  l«»-  iLMcrtalnr"!  Uiai  iii'».<  i'IpImi'-ii"  an-  'or- 
r«*<'lly  foun«I»M|,  not  only  j^n-at  honor  wouM  U-  cunfi'm-il  u|H>n  thix  Coui- 
nion\v«-alth,  lait  infult'ulal)li>  a<lvantat;r<<  wouM  !>••  i|«Tivf<i  fnmi  iIm-  inven- 
tion liy  tli<-  pcuplc  of  the  I'niteii  Siati*!t  t-njK-rlally,  an<l  liy  niunkin'l  in 
gent-ral  ; 

And,  \viikuka>,  On  tiie«>thtT  hand,  ^ihoulii  the  nmi-hini  i  to  l>e 

IniperfM-t,  the  |»ul>li<'  inter»>«t  would  !.»•  ppinioted  hy  exiMwiii  i<-y  ; 

A.M>,  WHKHKAS,  The  Letfi«lature  of  the  (.'oninionwetlith  relKWH-?*  eainrt- 
dencu  in  tlie  integrity  ami  i|ualill<-ationH  of  Henry  Voik'hi.  HoU-rt  I'aller- 
Mon,  Natlian  Seller**  and  <  Ui\  «r  Kvann,  «>f  the  City  of  rhiladi-l|ihia.  Arihi- 
Imld  Hiniiey,  Lewi?*  WernwaK  and  Joniah  White,  «»f  the  County  of  IMilln- 
(lt'l|)liin,  ami  Sanniel  I).  Ingham,  of  the  County  of  HurlCM  ;  thcnrforv, 

Rimtlvrd  hy  the  St-natr  and  Houar  of  Itr/irrsenfaUfvs  of  the  Common' 
wriilth  of  Prnnni/fvunitt,  in  Oenerol  AMrntt»l>f  nut.  That  Henry  Volirht, 
Kol>ert  Patterwon.  Nathan  Sellers,  Oliver  Kvann,  Arehilutld  liinney.  I^-wlw 
WernwaKi  JomIhIi  Whltennd  Suniuel  I>.  Ingham  Iteuntl  are  hen>lty  rt<<|u<?*t<il 
to  make  a  ntrict  examination  of  the  machine  in.enteil  hy  Charles  l{e:id- 
liefer,  and  to  make  if«  HiKville  repri'nentation  rfJtiK-etinu  \ii*  all«n?<-<l  im|N>rt» 
anee  and  the  puldit*  exiHi-tntion  r«N|Uire. 

/?<>o/(v«/.  That  the  Secretary  <»f  the  Conimonwiiilth  l»v  an<i  i-  inr<  I'y 
re<|Ut"»*ti'<l  to  franMuiit  a  i"o|>y  of  the  fon»j;«>in>r  proamlile  ami  rewolulion  to 
each  of  the  |)ernon>«  named  therein,  and  aliM>  to  CliMrleN  Heiwlhefer. 

JOHN  TOD. 
Sjtrukcr  of  thr  J/oumt  of  lirjtrrMrntatit^t. 

V.C.  LANK. 

\ftftil,  I-  i,t'  t)>,   \,  ,.,ii. 

In  the  Houm-  of  lU'prv'K-ntAtivett,  iKivmlwr  14,  1.^1::,  r«;4«l  ;4n.l  u.ioj.t«d. 

ItEO.  HKCKKHT. 
Ctrrk  of  the  Uoute  qf  Rrprr^ntath-et. 

In  Sennto.  IVct-njUT  17,  ISIJ.  it'ad  and  ndopteii. 

JOSKPH  A.  M«  JIMSKY. 

rt'-rl  "t   th.    v^M,,/^ 

Now  it  H>   liu)>]H'n.H  tiiat  we  have   in  tlic    Ki^nklin    ln>titutt..  i?>iiah 
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Liikins's  model  of  this,  at  one  time  celebrated  perpetual  motioo 
machine.  This  is  it  on  the  table  at  my  side.  I  presume  it  a  correct 
model  of  the  original,  except  that  in  this,  the  motion  is  obtained 
by  clock  work  concealed  in  the  base,  and  Reidheifer's  machine  was 
operated  by  means  of  a  crank  turned  by  a  man  or  boy  in  the  room 
below.  In  this  model  there  are  glass  plates  below  the  steps  of  the 
diving  and  driven  wheels,  that  these  plates  can  be  taken  out  is  assumed 
to  oifer  convincing  evidence  that  the  wheels  were  not  connected  in  any 
manner  with  any  source  of  power  outside  of  the  machine  itself.  One 
can  scarce  look  at  this  machine  without  feeling  astonishment  that  any 
one  should  have  been  deceived  by  the  wiley  man,  who  claimed  so  much 
for  it  as  to  warrant  an  examination  by  a  commission  at  the  instance 
of  the  Senate  and  House  of  the  State  of  Pennsylvania  in  General 
Assembh^  met.  This  was  in  1812.  T  have  talked  with  many  who 
were  active  men  at  that  time,  and  I  know  that  its  believers  were  num- 
bered by  thousands.  One  old  man  told  me  how,  meeting  a  fellow 
traveler  one  night  as  he  jogged  out  to  his  home  in  Montgomery 
county,  they  adjourned  to  a  wayside  inn,  and  there  his  companion 
made  from  an  old  cigar  liox  a  model  to  prove  that  Reidheifer's  per- 
petual motion  would  do  what  was  claimed  for  it.  The  sun  was  begin- 
ning to  show  itself  when  they  were  done  with  the  interesting  argument. 
Listen  to  the  argument :  "  A  loaded  wagon  will  run  down  a  hill.  If 
the  hill  is  steep  enough,  and  the  hill  is  capable  of  moving  out  from 
under  the  loaded  wagon,  then  if  the  wagon  is  prevented  from  moving 
except  in  a  vertical  direction  it  will  push  the  hill  from  under  it.  Now 
in  this  so-called  perpetual  motion  machine  there  are  two  hills  or 
inclined  plains  mounted  on  opposite  sides  of  a  wheel,  which  wheel  is 
horizontal,  its  axis  being  vertical.  There  are  loaded  wagons  on  the 
two  inclined  planes  and  as  the  wagons  cannot  go  down  the  inclined 
planes,  but  are  held  by  a  complicated  system  of  levers  and  the 
inclined  planes  cannot  move  from  under  them,  therefore  the  effort  to 
do  what  both  are  prevented  from  doing,  results  in  a  constant  push  and 
the  wheel  is  supposed  to  be  driven  around  by  this  power."  There  are 
many  stories  told  about  this  commission's  visit  to  see  the  machine. 
One  name  on  the  commission  is  that  of  my  grandfather,  and  his  son, 
my  father,  went  with  him  to  see  it  and  noted  that  while  the  large 
wheel  was  supposed  to  drive  the  small  one,  yet  the  wear  on  the  teeth 
was  on  the  side  of  the  teeth  that  would  indicate  that  the  small  wheel 
was  driving  the  big  one.     It  is  said  too  that  Isaiah  Lukins,  the  maker 
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of  thism^Mlel,  was  ul-o  jm-***!!!  :iinl  -ai*!  tli<*  j<Tky  motion  of  the  machine 
wax  very  indictitive  of  a  <Tank  tiiiii"-<l  l)v  lian<l-|K»wer.  Tlie  e»*mmis- 
.sioti  found  out  nothing  for  they  wn-  injt  |xTmitt«Hl  t<*  proln-  t<K»  <|«'«-j), 
but  th<'y  were  noiM-  the  h-ss  sure  that  j^r.ivity  without  motion  in  its 
own  direetion  «-in  impart  no  motion  to  other  |)arti<,  no  matter  what 
fomplicjiteil  .sy.st<*m   of   drvi^-es  arc   made   to  tak«*    part   in   the  fraud. 

Another  mo<)el  wan  matle  that  has  since  InfU  dcstrovetl  hv  tire, 
wliich  nuMlel  (x>uld  l>e  taken  a|)art  and  e.xaniined  in  detail,  itM  U-arin^ 
were  on  glass  an<l  when  it  was  n-store*!,  all  jKirts  in  |»ro|MT  |Mjsition,  it 
would  show  no  signs  of  motion  until  the  weight."*  f>n  the  little  c-arriagw 
were  place(|  on  them  and  then  the  machine  would  run.  I  hring  this 
old  incKlel  to  your  notic-e  thi.s  evening  as  a  reminder  of  how  verv  easv 
it  i>  for  those  who  are  not  well  gnmndnl  in  the  fundimental  laws  ot 
mechaniis  to  Ik'  «le<-eive<|.  From  the  time  of  the  jMrj»etual  motion 
machine  of  the  Maripiis  uf  Worcester,  down  jmst  Heidheifer  in  a  time 
nearer  to  us,  there  have  Ix-en  j)resente<l  itniumerahle  such  follies  as 
thi.s  old  nxidel  shows,  and  the  world  is  tull  to  dav  of  thos*-  who  if  thev 
had  the  money  t4>  sjK'nd  would  risk  it  in  such  f<Hilish  ventures.  It  is 
even  sjii<l  that  in  this  present  <lay  there  is  not  one  iinndreil  miles  tV">m 
where  we  now  are,  a  grejiter  wonder  in  the  mechani«-d  line.  I  |Mr»inne 
it  is  so  hut  I  have  not  seen  it. 

In  concluding  llii-  Ie<-ture  I  wjsii  to  ^how  vou  an  e.\|M'rinient  and 
tell  you  how  that  ex|>eriment  a|»jH'ai>,  to  mind^  diflerentlv  e«lu<':ife<l. 
What  I  will  presently  show  you,  I  one  time  ux.il,  t<»  test  the  inventive 
faculty  of  two  very  able  men.  One  evening,  some  years  ago,  I  had  a 
visitor  in  the  pen*4»n  of  one  of  our  most  note<l  st'ientistti,  a  man  to 
whom  I  shcudd  go  for  information  in  the  din-ction  of  his  sjKi'ialtv, 
with  the  gn-.itc'^t  confidence  in  the  (^trrivtness  of  his  judgment.  The 
other  man  was  an  erigineer,  a  memU'r  of  this  Institute.  Wr  wen- 
talking  of  the  |M»>sible  action  of  the  mind  on  matter  an<l  the  fin-t  crdhr, 
the  profes,Hir,  related  some  very  ivmarkable  things  that  hati  o»>'uniI 
in  his  ex|H'rienc<'  with  :i  note«l  mcvliinn.  What  ho  had  seen,  swmwl 
to  him  to  |»rove  the  po>es-ion  on  the  p;irt  of  the  nu'^lium  of  «i<»mc 
power  that  was  cxtraonlinary  an«l  he  arguetl  that  a.s  his  own  habit  of 
thought  had  Infu  traiiu'<l  in  the  exact  s<Meni«s,  therefore,  he  cxndtl  not 
have  Inrn  the  victim  of  any  (K»ceit.  Wishitjg  to  t«^t  his  inventive 
faculty  whi«h  is  what  is  rc<|uin><l  in  consi<|cring  such  matter^.  I 
tnrniil  his  att«>ntion  to  the  then,  rather  new  statements  of  txrtain  verv 
note<l  Knglishmen  that  there  existeil  a  fonv  or  |>ower  with  some  per- 
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sons  called,  by  one  writer  on  the  subject,  physic  force.     This  new  force 
being  shown  iu  the  power  to  will  the  change  of  weight  in  inert  matter. 
I  do  not  knowuf  there  has  ever  been  any  one  who  assumes  to  possess  this 
power,  who  has  exercised  it  in  the  direction  of  influencing  the  weight 
of  the  butter  he  had  to  buy  iu  market,  or  of  enabling  the  scale  to 
weigh  light  w^hen  selling  or  heavy  when   buying.     The  fact  is  the 
examples  given  of  the  exercise  of  the  power  were  on  the  whole  rather 
useless.     In  fact,  we  may  safely  say,  that  there  does  not  seem  to  be  any 
great  good  derivable  from  the  experiments  published  as  tried  in  demon- 
stration the  existence  of  this  force.     I  called  his  attention  to  a  piece  of 
apparatus  I  had  made  to  show  this  force.     Here  it  is.     You  see  I  have 
a  ball  of  black  wood  about  four  inches  in  diameter,  it  is  solid  and 
through  its  centre  is  pierced  a  hole  about  -^^  of  an  inch  in  diameter 
through  which  hole  I  can  pass  this  brass  rod.     The  ball  is  in  fact  a 
large  wooden  bead  and  I  can  string  this  bead  on  a  small  cord,  which 
about  fills  the  hole  but  still  the  ball  will  slide  freely  on  the  cord,  as 
freely  as  on  the  brass  rod.     The  closest  examination  will  show  you 
nothing  but  the  ball  and  the  cord.     The  cord  stretched  tight  is  like 
a  rod  in  the  ball  and  it  slides  back  and  forth  over  the  tense  cord. 
This  I  gave  to  the  professor  to  examine  as  much  as  he  liked,  letting 
him  become  familiar  with  it  at  his  leisure ;  then,  taking  it  in  my  own 
hands  thus,  I  showed  him  that  by  the  exercise  of  the  physic  force  which  I 
assumed  I  had  in  common  with  others,  the  ball  would  no  longer  show 
the  same  freedom  of  motion  on  the  cord,  except  when  I  willed  it  to  do 
so.     See,  I  hold  the  cord  vertically,  one  end  under  my  foot  the  other 
held  above  my  head.     The  ball  remains  near  to  my  hand,  and  as  I 
will  it  to  do  so  descends  as  slowly  or  as  fast  as  I  wish  it  to.     It  is  in 
fact  under  my  control.     See,  I  tell  the  ball  to  go  to  half  the  length 
of  its  string  and  its  stops  at  the  place  indicated.     Now  this  experiment 
continued  to  some  length  in  order  to  give  my  friend  the  best  chance  to 
discover  the  method  used  by  me,  to  restrain  the  motion  of  the  ball 
only  convinced  him  of  the  possession  on  my  part  of  this  so  called  new 
force.     A  force  that  sets  at  defiance  the  laws  of  physics  that  are  most 
sure.     A  force  that  does  not  imply  some  newly  discovered  attraction, 
but  controls  one  long  and  well  known,  namely  the  attraction  of  gravi- 
tation.    Turning  to  my  engineer,  I  asked  him  what  he  thought  of  the 
experiment?     He  replied,  that  he  had  never  seen  it  before,  but  he 
should  infer  that,  in  as  much  as  the  ball  was  free  to  slide  no  matter 
wdiat  tension  was  made  on  the  cord  when  it  was  in  the  hands  of  the 
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prof'osor,  that  wlnii  I  iiiaiii|iiil:it)'<l  I  lia<l  H<^»nie  iiK-aii!*  of  incTt-ai-injr 
it.s  friction,  \vlMTtl>y  J  could  control  tlM.'aiiiont  of  fridion.  I  u.sk(-<i  him 
how  ?  For  instance,  he  saitl,  it  is  fpiitc  |HRN«ihh,'  fur  th'-  ImiII  to  !»»•  niaile 
with  two  holi'f*  in  it,  one  |»a->in^  through  the  axis  of  tho  -phtn.*  in  a 
right  line,  and  a  .■>cc<jnd  hole  with  its  ends  terminating  in  the  stniiglit 
hole,  l)Mt  the  nuirn'  of  the  wx-on<l  hole  In-ing  made  curv*.-*!  or  cr«M»k«iI, 
then  when  the  rtinl  wsls  thrc:ide«l  throngh  the  cnrve<l  or  cnxike<l  \ii\>- 
sageway,  the  friction  could  Im*  c<jntrolle<l  hy  the  more  or  Ics,-  tension  of 
the  c<jrd.  This  wa>  the  true  solution  of  the  trick,  for  trick  it  wia^  and 
is.  A  trick  perhaps  I'amiliar  to  many  of  you,  hut  inlen-sting  a>  a  verk" 
clever  device  for  testing  the  inventive  faculty  of  thow?  who  see  it  for 
the  first  time. 

Apart  from  the  nK'<hanic:d  proMems  involve<l  in  theappanitus  there 
is  <»f  course  nHpiinni  the  skill  of  hand,  that  enal»l«?s  the  cord  to  \yc 
threa«led  into  either  one  of  the  two  jmssjjges,  without  any  sei'ming 
hesitation  in  the  >iiiiple  a<-'t  of  threading  the  Udl  into  the  cf>nl.  There 
is  a  great  thai  ot'  ."Uiter^tition  hiding  in  all  our  min<l>  and  w<-  are  too 
apt  to  cre<lit  with  some  .■»u|Hrnatural  signiHnunv  (Kvurrances  that  an* 
sim|»Ie  enough  \\\\v\\  we  come  to  se**  them  in  the  projM-r  li'^ht.  The 
training  of  the  young  shouM  he  more  in  the  dini-tion  of  a  develo|>- 
ment  of  the  inventive  faculties,  not  to  make  an  inventor  of  the  gniwn 
up  child,  hut  to  t«>3ich  him  how  to  view  all  thing«  dispationately. 

Lectures  <-an  do  hut  a  small  |>oint  of  thi^^  instruction,  iMNtk-  mu-t  do 
more,  and  the  public  scIhmiIs  nuist  Ih-  made  to  do  their  full  shart-  of 
the  work  of  training,  the  hands,  as  well  as  the  head.  I'nder  the  wise 
<lire«tion  of  the  pres4-nt  >u|MTintenilent  of  pul>li«-  s«-ho«ds,  we  l<Mtk  tor 
much  go4Hl  iu  ilijx  dirtvtion.  It  is  our  earn«-st  Iiojh'  that  the  pn-x-nt 
course  of  Intures  may  not  only  interest,  hut  serve  to  illustnite  what 
should  Ik'  tatight. 


Cleansing  Old  Paintings  — M-  de  Hihm  U-gins  l»y  removing 
the  <lust  with  a  hrush,  and  washing  with  n  s|>4inge  dip|MHl  in  pure 
water.  The  surfaci'  of  the  jiicture  is  then  covenil  with  a  thick  layer 
t>f  soap,  which  is  removetl  after  eigiit  or  ten  minutt^  l»y  a  hani  bnish 
ami  water.  .Vt\er  the  hu^t  tnut-s  of  s«flp  are  remove<l  the  pi«'ture  is 
thoroughly  dried,  and  ruhlMtl  with  linen  nigs  <lip|Hxl  in  nitro-lHMi/ine. 
The  cleansing  i«*  c«>mplete  when  the  nigs  «>i>:i.««e  to  l>e  soileii.  After 
agJiin  tlrying,  the  |Munting  is  coven-*!  with  fine  olive  o\\  and  varnished. 
—  C/iroH.  Intfimtr.,  (Xl.  7,  1S83.  C. 
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INITIAL   COXDEXSATIOX   OF   STEAM   CYLINDERS. 


By  William  Denxis  Maeks, 

Whitney  Professor  of  Dynamical  Engineering,  [Jniversily  of  Pennsjlvauia. 


(Concluded  from  page  183.) 

Possibly  the  greater  economy  of  actual  steam  which  it  is  claimed 
uniformly  results  from  superheated  steam  lies  in  the  certainty  of  d)'y 
saturated  initial  steam,  the  greater  certainty  of  more  complete  re-evap- 
oration during  expansion,  and  the  presence  of  less  water  on  the  inte- 
rior walls  of  the  steam  cylinder  demanding  re-evaporation  during 
exhaust  than  would  occur  with  saturated  steam. 

Practically,  superheating  is  done  with  the  waste  gases  of  combus- 
tion, and  therefore  cost  nothing  for  fuel.  Because  what  is  called  satu- 
rated steam  is  not  always  dry,  we  should  not  jump  to  the  conclu- 
sion that  under  all  circumstances  it  is  the  best  plan  to  use  superheated 
steam. 

It  may  be  the  case  with  superheated  steam  that  part  of  it  (the  main 
body)  retains  a  greater  specific  volume  than  saturated  steam. 

Let  us  see  what  this  increase  of  specific  volume  is  in  the  case  of  the 
Harris  Corliss  engine. 

We  can  say,  with  sufficient  accuracy  for  our  purpose  at  seven  atmos- 
pheres. 

I  Pressure        Temp.         Specific 
abs.  Fahr.         volume. 

Pounds.        Deg's.  Vol's. 


Saturated  steam. 


102-9  329-6      1         265 

Superheated  steam 1029      I        532  344 

Difference ' 


79 


Making  an  increase  of  volume  of  30  per  cent,  in  the  saturated  steam, 
or  a  diminution  in  weight  of  about  20  per  cent.,  volume  for  volume; 
but  we  must  recollect  that  upwards  of  50  per  cent,  of  the  weight  of 
initial  steam  was  condensed  in  the  actual  experiment  on  the  Harris 
Corliss  engine,  and  therefore  if  all  the  steam  uncondensed  in  the  steam 
cylinder  at  cut  off  be  assumed  to  be  superheated,  the  saving  in  weight 
would  be  much  less  than  20  per  cent,  of  the  actual  weight  of  steam 
used. 
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Nor  have  we  any  ^iiarant<*e  that  nion-  than  a  small  (Kirtiuii,  if  aiiv, 
of  the  steam  remains  sujK,'rh<-at<'<l.  I'his  point  renmias  to  Ik;  verifi^^l 
bv  exjM'rimont  l)efort,'  hecoming  M»t>n*  than  a  hypothesis  n'nderc^l  pml-- 
abh'  In-  the  known  projM-rties  of  steam  and  iron. 

So  far  we  have  nej^Iecte<l  Ijoth  eleanunv  and  eompreAsion  while 
'•nf^a^c*!  in  siihmittirij;  onr  jis-iiiMKHl  conilitions  to  th<'  tt^t  of  oinijKiri- 
s(»n  with  at'tual  imictice,  in  the  L-st  cxampU*  we  (•«»uhl  tind,  Ixtth  <>f 
condenHin^and  nun-»undensingcnj^ines,  with  superhaite*!,  dry  saturated, 
and  wet  st<*arii. 

It  will  be  netted  that  a  ^team  jacket  was  pn-sent  in  eaeh  civ^%  and 
that  the  steam  was  not  einbarntssed  by  the  presenrv  of  slnjf^ish  valve 
movements  or  of  throttling  to  any  eonsidend)le  extent. 

Indeed,  it  is  not  worth  while  to  attempt  dis<'nNsion  of  the  ill-<U-ii,'i)tTl 
and  ill-cimditionc*!  cn^xincs  which  serve  only  t<»  make  the  whifls  of 
the  inachintiy  ^o  loiiiid.  TIm-  certainty  of  movement  resniting  fn>m 
cxtn  inc  simplicity  may  be  s;ifcly  taken  as  an  e<piivalent  in  |k-jii"c  of 
mind,  which  will  comp«'ns;ite  their  owners  for  lo>s  in  jKK-kct,  so  long 
as  the  loss  is  the  owners'  and  not  ours. 

If  we  substitute   ('    —  h        \  I'oi*  »■  in  c(inati«>n  (1 1 )  and  ditfcn-ntiate 
for  a  maximum  with  resjKvt  to  e,  wc  have 
/,'[l  -/.    (l     -Mat.  log.   ^)] 


A 


+    ^-1 


{2D  _Bbr  ,^  iz>-|i 


nnt.   log.  (lb) 


1    .i+:^^-f-  ^'--^    i 

Particular  attention  iicihI  not  Ih'  j»aid  to  the  cleaninit?  and  e<»mpn"«»- 
-i<m,  except  under  uini->ual  ciivumstancts.  E4|uation  (!'))  mti-t  then 
be  used  to  olttain  a  tirst  value,  which  c:ui  l)e  substituti"*!  in  the  >ti-ond 
inendM-r  of  {\i\)  one  or  niorf  fiiiu'S,  in  pmportion  ti'  the  Miiin-i.v 
reipiired. 

Compound  engines  lay  claim  t«»  gn'atcr  «i««inomv  ul'  .'^team  than 
simple  engines,  an«i  the  t'act  is  undeniable  that  «"«»mpoun<l  engines*  have 
pnnlnced  economical  ivsnlts  much  njore  «vrtainly  than  simple  engin»*s. 
The  ativocates  of  simph-  engines  un^e  with   |>orfect  justiiv  that  <x>m- 
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pound  engines  always  have  higher  pressures  of  steam,  more  expansion, 
relatively  lighter  loads  and  more  careful  construction  for  steam  economy 
than  simple  engines. 

If,  no^v,  we  assume  the  case  of  compounded  cylinders,  with  cranks 
together  or  180  degrees  apart,  no  receiver,  no  drop  in  the  expansion, 
no  cut-off  on  the  condensing  cylinder,  and  no  clearances  or  compres- 
sion, we  have  (see  Economy  of  Compound  Engines,  this  Journal, 
Jan.,  1884),  from  addition  of  the  equations  for  the  work  of  the  two 
cylinders, 

PF=  F,  I  eP,  [l  -f  nat.  log.  ^'j-Rsj  (17) 

or  in  terms  of  the  volume  of  the  condensing  cylinder  and  of  the  ulti- 

R 
mate  expansion,  since  —  ^  e 

e 

That  is  to  say,  mathematically  it  can  be  shown,  the  same  measure  of 
expansion  being  used  in  both  cases,  the  power  of  the  condensing  cyl- 
inder alone  is  equal  to  the  combined  powers  of  the  two  cylinders  of  a 
compound  engine,  and  if  we  neglect  initial  condensation  the  steam 
economy  is  the  same.     Let  us  see  if  the  economy  is  the  same. 

Substituting  (17)  in  equation  (11),  and  differentiating,  we  have,  for 
the  cheapest  cut-off  for  compound  cylinders, 

RB    ,           2Dd             ,  ^       R  /1Q^ 

e  = ■[- nat.  loff .  (19) 

F,  s  [Ad  +  4i)]  ^    e  ^     ^ 

and  substituting  (18)  in  equation  (11),  and  differentiating  for  a  maxi- 
mum, we  would  have,  for  a  single  cylinder, 

^  =  ?-   -j-   ^^^li nat.  log.  E,  (20) 

E,         P,         slAd,  +  4D,] 

We  have  carefully  followed  the  action  of  the  steam  while  passing 
through  one  cylinder.     Let  us  folloAV  it  through  the  two  cylinders. 

The  steam  entering  the  non-condensing  cylinder  suffers  initial  con- 
densation, in  some  instances  quite  copious,  but  not  so  great  as  if  the 
non-condensing  cylinder  had  the  temperature  of  the  exhaust,  T^ ;  how- 
ever, the  cut-off  being  later  than  would  occur  with  the  same  ultimate 
expansion,  £",  in  a  single  cylinder,  the  initial  condensation  will  be 
found  to  be  very  considerable. 
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The  steiim  being  cut  ott*  in  tin-  mm-coiKlf'tisiiig  rvliiuler,  re-eva|x>- 
ratioii  begins,  the  oxj):uisinii  line  lic-iiig  liehl  clotscly  to  an  equilateral 
liyi)erlxila. 

This  re-i'vajM)rati<)n  is,  iKtwcvcr,  fiir  Inmi  Ix-ing  complete,  and  at 
the  (lid  of  the  Htroke  communication  is  o|>ene<l  to  the  condensing  cylin- 
der. At  this  instant  a  relatively  enormoii-;  initial  eondensition  <K-<'iin», 
Ix-eanse  ol'  the  great  ^nrt'aee  of" condensing  |»iston  and  cylinder  hejid  pre- 
-eiit.d  :it  the  temperature  iA'  exhaii-t,  but  this  condensation  is  met  at 
once  by  the  e<|nally  as  active  re-evaporation  which  simultaneouslv 
(M'curs  from  the  whoh-  interior  of  the  non-condensing  (ydinder,  the 
result  being  the  transferring  of  the  condensjition  from  the  surface  <if 
the  non-condensing  cylinder  to  the  surface  of  the  condensing  cylinder 
until  the  temj)cratures  are  cfpudizcd. 

After  the  violence  of  this  first  transfer  of  condensjition  has  al>ate«|, 
the  re-cvaporation  from  the  interior  of  both  cylinders  occurs  with  suf- 
ficient alacrity  to  hold  the  expansion  curve  closely  to  an  wpiilateral 
livjM'rbola. 

If  but  two  (ylindei's  are  used,  the  condensing  cylinder  i^  now 
opened  to  exhaust  and  the  rc-evaporate<l  and  vaporous  st^-jim  enter  the 
condenser,  carrying  much  more  he;it  than  woidd  app«ir  from  a  c;j1cu- 
latiou  of  the  thermal  value  of  the  vaporous  steam  j)n'sent  at  the  ond 
of  expansion. 

Thus  we  see  that  at  the  pr«'s«ut  day  the  comjMiiind  en<jiiir  owi-s  its 
|to.ssible  greater  enicieucy  to  the  |)hysic:d  attributts  of  iron  rather  than 
to  the  proj>ertic8  of  steam,  and  that  with  the  um'  of  non-i'< inducting 
materials  the  ne<vssity  of  compounding  cylindei-s  will  vanish. 

It  docs  not  seem  as  if  the  possible  use  of  non-conducting  surfaii-s 
tor  the  (ylinders  and  i>iston  heads  woidd  grtsitly  improve  the  state  of 
atVairs,  since  then  the  barrel  of  tluMylindcr,  itssiuued  of  iron,  would  act 
with  greater  energy  and  <'onse<juently  probably  diminish  the  pressun's 
much  more  rapidly  than  is  now  shown  to  be  the  (us«'  by  the  indii':itor 
•  liagrani.  This  hy|)othesis  will  have  to  be  sid>je<'te<l  to  the  tost  of 
experiment  Udbre  carrying  any  weight. 

When  cnmks  of  compoinidetl  cvlindeiv  -m^  plattxl  at  right  an<'l«'s 
;iiid  the  ste.im  i^  cut  off  from  the  condensing  cylinder  at  an  earlv 
point  in  the  stroke,  certaiidy  earlier  than  A  stn»ke,  it  will  Ix^  found  that 
a  <-on.sidrnible  inci-c:ise  in  the  itH)nomy  will  invur  with  a  sukiU  re^viver, 
although   this  arniugenient  will  cause  trouble  iu  wjuali/ing  the  jKiwer 
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of  the  cylinders  because  of  the  increase  of  back  pressure  in  the  non- 
condensing  cylinder  until  its  piston  reaches  mid-stroke. 

This  economy  arises  from  the  fact  that  the  transferrence  of  conden- 
sation from  the  non-condensing  cylinder  to  the  condensing  cylinder  is 
greatlv  facilitated  by  an  increased  difference  in  temperatures  of  the 
non-condensing  cylinder  and  receiver  and  of  the  condensing  cylinder. 

The  particularly  injurious  effect  of  a  double  admission  of  steam  to 
the  condensing  cylinder,  when  cranks  are  at  right  angles  and  the 
cut-off  of  the  condensing  cylinder  is  later  than  one-half  stroke,  arises 
from  the  fact  that  this  re-evaporation  from  the  iron  surfaces  is  tempo- 
rarily stopped  by  the  entrance  of  steam  of  a  higher  temperature  from 
the  non-condensing  cylinder. 

If  now,  in  equation  (19),  we  substitute  —  for  e,  we  have  for  com- 

E 

pounded  cylinders 

1  B     ,  2Dd 


E         P,         Rs  lAd  +  4i>] 


nat.  log.  E  (21) 


Equation  (21  places  the  point  of  cut-off  theoretically  for  compound 
engines  which  gives  the  least  cost,  under  the  assumptions  made,  and 
the  point  of  actual  cut-off   in   the  non-condensing  cylinder  can   be 

determined  from  e  =  —  or  equation  (19). 
E 

The  further  condition  that  the  power  of  the  two  cylinders  shall  be 
equalized,  results  in  the  equation  of  condition. 

Nat.  log.  E  =  _1?_  nat.  log.  R  —\l  +  ^^-1  (22) 

*  R—\  "  L  Pj  ^ 

or,  in  common  logarithms, 

27?  \l  +  ^—1 

log.  E=    J^\    log.  i^-L  PJ 


R  —  1 


(23) 


2-3026 


Approximate  values  of  R,  E  and  e  under  these  conditions  will  be 
found  tabulated  in  "  Economy  of  Compound  Engines"  [continued 
from  January,  1884,  in  the  April  number  of  this  Jouenal],  the  term 

E being  neglected  as  being  very  small,  as  it  usually  is. 

In  the  compounded  cylinders  assumed  there  is  no  cut-off  on  the 
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condensing  cylindcT  an«l,  tlierefore,  T,  corresixmds  in  equation  (14)  to 

p 

the  pressure    ^. 

Let  us  make  the  following  assumptions  and  compare  the  results: 
Initial  ]>ressure  alw.  =  I\  =  1(X)  llw.  j)er  s<juare  inch. 
l>:i«k  |)ressiire  ahs.  =  /i  =  2  llw.  per  .«<^juarc  inch. 
Length  of  stroke  =  8  =  4  feet. 
Diameter  of  conden.sing  cylinder  =  <l^  =  4  feet. 
Ratio  of  cylinders  =  R  =  2h. 

Diameter  of  non-condensing  cylinder  =  — -L_  =  d  z=  2'53  feet. 

Temperature  of  initial  steam  =  jT,,  =  o27'.j7'  (dry  satuniletl). 
Temperature  of  exhaust  steam  =  T^  =  126*27. 
S|)ecific  vol.  initial  steam  =  .S'  =  2«)7*9. 
\().  <tf  strokes^  A' =  loO  per  minute. 


7    T   . 

sure  of  non-condensing  cylinder. 


D    ^  — -'  in  which   7'  denotes  the  temiK'raturc  at  terminal  pres- 


T  T 

D.  =  11 --•  =  •01:342. 

'  lOUiV^ 

A  =^^  =  -2333. 

S 

If  now  we  suhstitute  these  values  in  equation  (20),  we  have  for  the 

jxtint  of  nit-otl"  in  a  single  cylinder 

1            2      ,    2   X    01342   X  4  X  23026  ,        ^ 

-—  ^ -f   — com.  log.  L, 

E,         100         4[-2333  X  4  +  4  X  •01.342]  *" 

_  =  -02  -\-  -0625  com.  log.  E^ 

Assume  i^,  =  1 1   or  —  =  'OO,  we  have 
F 

•09  =  -02  -:    -0625    ■.   1-041  =  '083. 

That  is  to  sjiy,  the  |mint  of  cnt-<itV  will  l>e  found  to  W  In'twecn  ^^ 
and  |V  of  the  vt^lumc  of  the  cylinder.  Other  ouisidcrations  might  in 
actual  practice  prevent  so  great  expansion. 

We  can  next   take  up  the  txim|K>undeil  cylinders.     Assuming  some- 
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thing  over  12  expansions  as  probable  in  this  case,  let  us  take  the  ter- 
minal pressure  of  the  condensing  cylinder  as  7  lbs.,  we  have  Tj=  176*91 

15,000  15,000 

Substituting  these  values  in  equation  (21)  we  have 

1            2       ,             2  X  -01  X  2-53  X  2-303  ,        ^ 
= + com.  loo;.  Ji, 

E         100         21  X  4  [-2333  X  2-53  +  4  X  '01] 

J_  =  -02  +  -02  com.  log.  E  . 
E 

If  we  assume  E  ^  i^,  we  have 

•055  =  -02  +  -025  =  -045 

or,  assuming  E  =  20,  and  neglecting  T^  we  have 

•05  =  -02  ^  -026  =  -046 

and  so  on  until  we  reach  an  equality  of  the  two  members  of  the  equa- 
tion of  condition,  but  it  has  been  shown  in  this  Jourxal,  Dec,  1883, 
that,  all  condensation  being  neglected,  the  saving  by  expansions  sur- 
passing 8  or  9  times  is  so  small  as  not  to  render  it  worth  while,  from 
a  financial  point  of  view,  to  go  much  l)eyond  that  amount  had  Ave 
cylinders  which  were  perfect  non-conductors  of  heat.  In  fact  we  have 
not  data  justifying  us  in  assuming  that  the  re-evaporation  from  the 
non-condensing  cylinder  is  efficient  to  any  very  great  extent  in  keeping 
the  expansion  curve  close  to  an  equilateral  hyperbola. 

It  would  seem,  liowever,  that  compounded  cylinders  do  have  the 
advantage  of  enabling  greater  expansions  of  steam  and  a  greater 
actual  economy,  but  they  owe  this  advantage  to  the  physical  properties 
of  iron  not  of  steam. 

A  steam  jacket  in  which  live  steam  with  the  water  thoroughly 
drained  has  been  assumed  for  every  case,  as  has  also  that  sufficient 
superheating  to  insure  dry  steam  in  the  steam  chest.  It  would  appear 
as  if  superheating  to  any  greater  extent  remained  a  point  to  be  proved 
of  value  should  we  adhere  to  iron  cylinders.  As  compared  with  the 
total  heat  of  steam,  the  amount  of  heat  which  can  be  added  by  super- 
heating is  very  trifling  unless  we  superheat  to  a  dangerous  extent. 

If  we  assume  a  given  number  of  expansions,  E,  which  we  have 
found  adapted  to  the  size  of  engine  proposed,  we  can  compare  the 
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economy  of  a  compouinl  enj^iiie  and  of  a  Himple  cn^inf  with  a  cylinder 
of  (M|iial  >!/,<■  with  till'  ('oii(k'tisin^r  cyliiMlcr  of  tlio  <-oni|H»ini<l  ••n^rine. 

Tlie  work  put  upon  tlio  engines  sliould  Ik,'  the  satue  in  Ixitli  ca««ts. 

Formula  (12)  can  then  Ik*  ui*e<l  in  each  ease  and  the  resulting  values 
of  y  com  pare*  1. 

It  should  !)(■  borne  in  mind  that  tiic  pr<i|)ortions  of  the  parts  of  an 
engine  are  functions  of  the  initial   pressures  while  the  economy  is  not. 

This  wouhl  raise  the  frictional  resistance  of  an  engine  with  '\U  size 
and  with  the  increase;  of  initial  pnssure. 

The  writer  is  not  dispose<l  to  insist  upon  the  accuracy  of  his  present 
theory  of  condensation  in  more  than  a  general  wav. 

It  has  shown,  however,  that  the  wide  diffcrencj^s  in  experimental 
results  of  tests  of  dillenMit  types  and  sizes  of  engines  are  not  irn-con- 
cileahle,  and  that  the  builder  of  small  engines  of  the  non-condensing 
type  is  (juite  as  right  in  adopting  \  expansions  as  the  builder  of  enor- 
mous marine  engines  of  the  compound  tvpe  is  in  adopting  cxj)an<iions 
of  10  or  more  volumt^s. 

Tl>e  data  upon  whi<ji  the  pr<->iiit  theory  is  founded  are  all  subject 
to  revision,  ;us  they  can  lay  uu  claim  to  scientific  ac«'uracv. 

The  (juestion  as  to  the  iiitbiencc  of  the  time  (»f  exjMisure  cannot  \ye 
regardetl  as  settled  by  any  means  and  <-ases  in  which  the  numiier  of 
strokts  varies  greatly  from  loO  may  not  be  propcrlv  met  bv  his 
ibrmuin;. 

The  influence  of  the  ditference  of  temjx  ratnre  may  well  Ik*  subjecte*! 
to  thorough  scrutiny  in  the  case  of  sujK^rheate<I  steam. 

The  effwt  of  sup«'rheating  u|M)n  the  specific  volunn-  Ints  Ih-^mi  nibicwl 
to  law  by  the  labors  of"  Hirn  and  Zenner  [a  most  ext-ellent  resume  of 
their  hibor>  may  be  found  in  "  Roentgen's  Tiiermo-<lynamics,"  trans- 
lati'd  by  l)uHois,  published  by  .1,  Wiley  iV'  S)ns,  New  York]  but  it 
remains  to  be  pn»ved  that  the  sjHvific  volume  of  the  steam  existing  in 
the  cylinder  as  vapor  at  the  point  of  cut-otrd(.>es  or  d(ws  not  differ 
from  that  of  .satnr.it<Hl  steam. 

The  pcvssible  leakage  of  the  Harris  C'orlis>i  engine  is  far  from  l>eiug 
disproviHJ.  Repeated  inquiries  have  faileil  to  obtain  an  expression  of 
opinion  fn)m  Mr.  Hill,  whose  language  is  not  clear  or  consistent  on 
this  point  of  hi>  ix-|M»rt  of  1880. 

Page  4.  "All  the  engines  were  new  ami  leaked  slightly  through  the 
valves  and  jnissibly  in  one  instaiuv  p;>st  the  pistOD  during  the  trials. 
Mr.  Ellis,  of  the  Harris  engine,  attemptt>«l  to  hasten  the  seating  of  tlie 
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steam  valves  of  his  engine  by  filing  previous  to  the  trials  with  good 
results,  as  shown  by  the  diagrams." 

"  No  effort  was  made  with  either  the  Reynolds  or  Wheelock  engine 
to  seat  the  valve  except  by  wear." 

Page  6.  "  The  trials  were  made  in  accordance  with  the  following 
code  of  regulations,  excepting  (possibly  to  the  credit  of  two  of  the 
contesting  engines)  no  test  was  made  of  the  tightness  of  the  pistons." 

Page  74.  "The  percentage  of  steam  accounted  for  is  very  low  with 
all  the  engines  and  is  attributable  largely  to  the  natural  leaks  of  new 
engines  comparatively  unworked.  These  engines  would  have  shown 
better  economy  after  a  continuous  use  with  a  fair  load  for  a  period  of 
two  or  three  months,  but  with  the  natural  leaks  through  valves  and 
past  pistons  and  a  steam  pressure  higher  than  usual,  it  is  not  surprising 
that  the  engines  accounted  for  a  low  percentage  of  the  steam  actually 
delivered  to  the  cylinder." 

It  is  of  interest  to  compare  this  last  statement  of  Mr.  Hill  with  the 
language  of  G.  A.  Hirn,  Theorie  Mechanique  de  la  Chaleur,  1876,, 
Vol.  II,  page  55. 

"  In  comparing  the  actual  cost  of  our  engines  per  stroke  with  the 
theoretic  cost  obtained  by  multiplying  the  volume  opened  to  the  steam 
by  the  density  of  this  vapor  supposed  superheated,  I  always  found 
the  first  result  very  much  higher  than  the  second.  For  a  long  time  I 
continued  to  believe  that  this  increase  of  cost  arose  from  piston  leaks. 
These  leaks  seemed  to  me  both  natural  and  probable,  since  we  were 
working  (as  I  then  believed)  at  a  very  high  temperature,  capable  of 
destroying  or  evaporating  the  lubricants  used  in  the  cylinder  to  diminish 
the  friction  and  wear  of  the  parts. 

"  I  yield  to  M.  Leloutre  the  whole  merit  of  having  opposed  these 
views,  of  having  suggested  to  me  as  both  possible  and  probable  the 
existence  of  condensation  of  steam  during  admission  resembling  a  loss 
by  leakage,  and  giving  to  the  steam  a  density  much  greater  than  would 
be  obtained  by  calculation.  I  yield  to  him  the  merit  of  having  in  a 
manner  forced  me  to  make  new  experiments  which  would  by  various 
methods  bring  the  truth  to  light." 

The  writer  is  forced  by  Mr.  Hill's  silence  and  ambiguity  on  the 
point  of  leakage  to  use  his  own  judgment  in  selecting  a  set  of  experi- 
ments for  the  calculation  of  the  value  of  C(the  weight  of  steam  con- 
densed by  1  square  foot  of  cylinder  surface  heated  one  degree  Fahr.  in 
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one  inimitc.)  I'liis  shouM  !»<•  an  average  of  ruauy  expcrimenUj  on  diirer- 
ent  engines. 

The  inetliod  of"  trealnient  u^ed  h  only  one  o|"  many  wliitli  havelM-en 
relin(juislj<'<l  liecau.se  of  giving  ini|Kjssil>le  rtssults  when  laboriously 
eIaboruU*(I  from  actual  <lata  more  or  less  defieient  on  important  points. 

So  far  as  In*  knows,  the  writer's  method  is  original,  an«l  has  lieen 
adopte<l  mainly  tor  the  pnrj)ose  of  rendering  the  results  intelligible  to 
those  who  are  actually  engage<l  in  the  designing  an<l  care  of  engines. 

He  wouM  earn<'stly  re<juest  the  assistance  «»f  those  in  ]>ositlon  to 
fiirni-'h  experimental  data,  to  be  uaed  far  ftrit'iitijir  purpoma  only,  and 
will  be  pleased  to  send  a  memonindum  of  the  methods  of  exj)erimenta- 
tion,and  of  the  data  re<|uireil  for  this  purp<»se,  to  those  who  mav 
desire  it. 

His  own  movements  are  too  limited,  and  his  time  t<K>  fully  <Kvupie«i 
by  his  dutiej<  as  a  jKnlagogue,  to  allow  him  the  hope  of  t'ompleting  the 
e.xj>eriments  nece.ssary  to  a  comj)lete  test  of  the  theory  put  forth. 

l*hlliulrlj,liia,  January  12,  ISSl. 

Since  writing  the  ab  »v.'  we  have  received  a  letter  from  Mr.  Hill 
from  which  we  «juote  as  follows: 

ClxriNNATi,  Frttruary  2,  18ft4. 

Dkau  Sik  :— Tlie  calorimeter  usimI  In  the  tcst^  for  (|uality  of  steam  at  the 
Miller's  Kxluhiti«>n  wits  of  the  continuous  kind,  earffully  ma4lc  and  in 
charge  of  my  iirincipal  assistant. 

F  ac«-eptc<l  his  n<>t«s  and  data  n»  correct  at  the  time,  but  from  more  rwH-nt 
exp«Timeiits  am  inclined  to  donht  any  result  from  a  calorimeter  of  this 
kind,  owinj;  to  the  fact  of  large  variations  in  the  tem|KTaturc  of  overflow 
i known  t(»  siihsist  by  otlier  eireumstanci'^i  not  reeonle«I  by  the  ordinnrj' 
mercurial  thermonu'ter. 

I  now  use  a  simple  arranf;ement  of  tub.  scale  and  hand  thermometer, 
and  while  this  method  is  liable  to  err<>r.  the  error  is  not  suflicient  to  lead 
you  astray. 

For  tlu-  purpose  of  comparison  I  rcijard  the  calorimeter  tlata  of  the 
Miller's  K.xhihition  trials  as  i-orrect,  but  cannot  endors*'  it  for  ab-ojute 
results. 

1  know  the  Harris  plHton  was  tipht  from  special  iv^X. 

Page  74.     There  is  no  doubt  all  the  eni;ines  sutFert^il  from  leaks  Into  and 
niit  of  cylind-  r  through  steam  and  exh:iust  val\«-s. 
•  •  •  • 

I  shall  always  be  happy  to  give  ytni  any  infonnation  in  my  power,  but 
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owing  to  a  busy  professional  life,  may  not  be  as  prompt  as  you  desire  in 
replying  to  inquiries.  Very  sincerely  yours, 

JOHN  W.  HILL. 

Mr.  Hill's  statements  from  his  actual  knowledge  happily  corrobo- 
rate our  own  inferences  from  his  data  and  diagrams,  and  therefore  add 
weight  to  the  results. 

Philadelphia,  February  4th,  1884. 


AN  INVESTIGATION  LOCATING  THE   STRONGEST  OF 

THE  BRONZES. 


By  W.  Eenest  H.  Jobbins,  M.  E. 


(Concluded  from  page  199.) 

Part  Y. 

Investigations  of  the  Au'hor. 

The  work  of  the  writer  has  been  confined  to  tests  by  Prof.  Thurs- 
ton's Autographic  Recording  Testing  Machine,  and  from  the  results 
thus  obtained  the  desired  values  have  been  deduced  by  means  of  dif- 
ferent formulae.  These  results  are  far  more  accurate  and  reliable 
than  could  be  obtained,  so  far  as  the  writer  is  aware,  by  any  other 
means ;  and  it  was  possible  to  carry  on  the  work  with  much  greater 
rapidity.  Owing  to  the  short  period  of  time  at  our  disposal,  it  was 
impossible  to  make  as  exhaustive  an  investigation  as  was  desired ;  but 
it  is  hoped  that  the  results  given  will  be  found  to  be  valuable.  To  a 
very  slight  extent  these  results  may  be  considered  approximate,  as  it 
was  not  possible  to  make  chemical  analyses  of  the  test-pieces ;  but  the 
work  has  been  conducted  with  such  great  care  and  the  alloys  have  been 
fluxed  so  carefully,  in  every  case,  with  phosphorus,  that  the  loss  in 
casting  has  been  reduced  to  a  minimum. 

The  area  chosen  as  the  field  of  this  investigation  was  a  small  trian- 
gular portion  surrounding  the  peak  of  the  mountain,  Fig.  4,  Part  III, 
marked  65,000  on  Fig.  3,  Part  III,  since  it  was  found,  after  a  close 
study  of  Figs.  3  and  4,  that  this  area  embraced  all  that  portion  of  the 
field  in  which  the  most  tenacious  alloys  had  hitherto  been  discovered. 
The  data  obtained  from  this  investigation  prove  the  correctness  of  this 
decision ;  for,  though   there  was  found  a  wide  range  in  the  values 
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obtairKMJ  lor  the  (littJrent  sfKicimeuH,  yet  they  all  ^;ave  extt*tlinj^ly 
hi^h  fij^iin?*,  the  lowest  averap*  value  of  teijaoity  Ix-'ing  51,1.{9.  As 
this  research  exteiule*!  over  hut  a  very  liruite*!  area,  it  I.jl-'  been  |M»vsi- 
ble  to  conduct  the  investig-ation  with  a  niu<h  ^renter  di-^ree  of  exact- 
ness than  has  l)ec>n  attempted  betore ;  and  suljsequent  investigations, 
covering;  a  htill  smaller  field,  r^hould  settle  Inyond  dispute  the  couj|k>- 
Hition  of  the  "Strongest  of  the  Jiroii/e??."  Pnictically  thi>  re>earch 
accomplishes  that  rtsuit, 

Th<'  metals  varicil  l»y  ditH  rences  of  but  one  jier  cent,  in  each  case, 
and  2.5  combinati<jns  were  chosen  ;  two  test-piei-es  were  made  of  each 
com|K>sition,  making  forty-six  test-pieces  in  all.  In  the  majority  of 
awes,  the  data  ol)taine<l  from  the  two  s|)ecimens  of  the  siune  comptj^i- 
tion  agreeil  so  closely  that  the  avenige  value  was  safely  made  use  of; 
but,  when  there  wjls  any  very  marke<l  dillen'uce,.  the  tlata  agreeing 
more  closely  with  the  results  anticipate*!  tmm  analogy  were  adopter), 
and  the  other  value  wa>  r» jcctetl  as  U-ing  pn>lnil)ly  ermiR-ous  Had 
there  l>een  time  for  a  cln'inical  analysis,  t«jich  specimm  would  have* 
been  treatcnl  sepanitely  whenever  the  analysis  revealeil  any  ttmsider- 
able  ditfereiice  of  comiMisitioii.  The  metals  cmploytil  wen*  of  the 
very  iK-st  commercial  ([uality  ;  it  h;us  l>een  the  intention  thn>ughout  to 
obtain  the  maximum  practi(al  results.  The  copjH'r  employwl  was 
Lake  Su|x.'rior;  the  zinc,  IJergen  I*ort.  lioth  of  these  metals  were 
obtainnl  from  the  Ansonia  Hniss  Conj|KU)y. 

In  the  use  of  tin  a  new  tleparture  was  made;  it  is  statetl  tliat  "phos- 
phorus is  u-<  d  ill  insuring  .s«»uiulness  in  the  U'tter  class  of  cop|ier-tiu 
and  copiM-r-zinc  alloys,  which  metals  are  very  liable  to  l»e  made  seri- 
ously del"et'iiv«'  by  the  absorption  of  «»xygen  and  tlu'  formation  of 
oxide."  Af'ici  years  of  ex{)eriment  it  has  l>eeu  found  |H)e«ible  to  pro- 
duce, on  a  large  scale,  an  alloy  of  phosphorus  anil  tin,  which,  while 
containing  a  maximum  pernntiige  «tf  phosphorus,  i1ck^<  not  give  off 
phosphorus  when  remeltMl.  The  Ix-st  projMirtions  for  practiuil  iLse  arc 
tin  Mb  per  cent,  antl  phosphorus  .'>  |K»r  cent.  It  wius  ileiideil  tt»  use 
phosphor-tin,  and  the  amount  re<juire<l  was  obtaimtl'from  Mt>srs. 
Alfri^l  IkirU-r  A:  Co.,  of  Hamburg. 

The  tiixt  step  was  to  determine  the  exact  limits  of  the  fioKl  t»'hvteii. 
This  was  »juit«>  a  «lini<'ult  matter,  but  after  rareful  study  the  following 
were  (leiitU-*!  uiH)n  :  Copper,  maximum  GU,  minimum  oU;  Zn,  \^  and 
38;  Su,  5  and  U.  It  will  be  uoticeil  that  these  limits  incluik*  the 
"  Tobia   Alloy,"  and  also  that  one  which  Prof.  Thurston  uientii»iw  iu 
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his  paper  as  being  "  the  best  alloy  for  purposes  demanding  toughness 
as  well  as  strength."  Its  tenacity  is  68,900  pounds  per  square  inch 
(4,841  kilogrammes  per  square  centimetre).  A  very  appropriate  name 
for  this  alloy  would  be  the  "  Thurston  Alloy,"  but  not  his  "  maximum 
alloy,"  which  it  is  here  sought  to  identify,  and  it  will  be  so  desig- 
nated in  this  paper.  It  was  not  practicable  to  include  all  the  combi- 
nations possible  within  these  limits,  but  twenty-three  were  chosen; 
their  compositions  are  given  in  the  following  table  : 

TABLE   I. 

Proportions  of  Selected  Alloys. 


No. 

Cu. 

Zn. 

Su.  1 

1 

No. 

Cu. 

Zn. 

Sn. 

No. 

Cu. 

Zn. 

Sn. 

1 

55 

43 

•  2 

9 

53 

43 

4 

17 

58 

40 

2 

2 

54 

41 

2 

10 

55 

41 

4 

18 

54 

45 

1 

3 

54 

43 

3 

11 

57 

41 

2 

19 

53 

44 

3 

4 

55 

42 

3 

12 

57 

43 

0 

20 

54 

42 

4 

5 

56 

42 

2 

13 

55 

45 

0 

21 

56 

41 

3 

6 

56 

43 

1 

14 

52 

46 

2 

22 

57 

42 

1 

7 

55 

44 

1 

15 

52 

43 

5 

23 

58 

41 

1 

8 

53 

45 

2 

16 

55 

40 

5 

The  exact  proportion  of  each  alloy  having  been  determined  upon, 
the  metals  were  weighed  on  the  standard  United  States  balance  in  the 
Physical  Laboratory  of  the  Stevens  Institute  of  Technology,  as 
described  in  Part  IV.  These  weighings  were  made  with  the  greatest 
care,  as  but  small  quantities  of  the  various  metals  were  used.  The 
total  weight  of  each  test-piece  was  1"45  pounds  (657'70984  grams). 
The  work  of  casting  the  test-pieces  was  performed  in  the  brass  foun- 
dry of  the  Institute;  the  castings  were  made  in  an  inm  mould,  8 
inches  long  and  1  square  inch  cross-section.  A  mixture  of  plumbago 
and  water  was  employed  as  a  "  blacking  "  for  the  interior  of  the  mould, 
in  order  to  reduce  the  friction  between  the  sides  of  the  mould  and  the 
cast  metal  to  a  minimum,  and  to  prevent  the  test-pieces  from  adhering 
to  the  sides  of  the  mould. 

The  copper  was  first  placed  in  the  crucible,  and  was  then  covered 
with  powdered  charcoal  to  prevent  contact  with  the  air  and  oxidation 
of  the  molten  metal.  After  the  copper  was  melted  its  temperature  was 
raised,  so  that  when  the  zinc  was  added  and  the  consequent  reduction 
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of  ternjK.'ralur('  (xcurnd  it  miirlit  u<»t  be  jjiitHcirnt  to  produce  |Ktrtial 
soli(li(i(".itioii  of  the  iixtal  ;  wlnii  this  chilling  ocournHl  it  Ix-c-anie 
necessary  to  rern<lt  tlic  alloy,  and  a  <  ousiderahle  loss  ol"  /inc  wai  thus 
occasioned.  (Ircat  rtire  was  taken  in  intrcMlncing  tiie  zinc,  the  metal 
hein^r  carefully  wrapped  in  paper,  which  |>ern)itte<l  its  intr<*dnction 
heneath  the  surf;u-e  of  the  molten  i KpjM-r  Ixjfore  it  conM  Ix'  acteil  U|xjn 
l)V  heat  or  hy  free  oxv^en  ;  in  this  wav  a  consider.ihle  loss  <»f  zinc  was 

prevented. 

The  molten  m<'tals  were  thoroughly  stirn-il,  and  the  crncihlc  remove*! 
Irom  the  furnace,  after  which  the  tin  was  adde<l,  the  same  precaution 
heing  observed  as  with  the  zinc ;  after  nn<>ther  thorough  stirring  the 
rii<!lal  was  poured  into  the  iron  moidd,  which  had  previously  l)een 
lieate<l.  The  casting  was  then  cooletl  as  rapidly  as  possible.  The 
pieces  wen'  mark«'d  as  they  were  cast.  There  iK'ing  two  pii'«'es  of  «-jich 
niiinl>er,  thev  were  markiHl,  respectivelv,  A  and  15.  The  castings  were 
ihen  iMa<ie  into  test-piec<'s  of  the  form  and  dimensions  dcs<'rilM'<l  in 
I'art  1\'.  Though  there  was  a  grfiit  ditlerence  :ls  ngards  the  britlle- 
ne>s  of  these  pieces,  yet  none  nl'  them  were  -o  hard  or  brittle  as  to  l>e 
nnlitted  for  practical  purposes,  an<l  thev  were  all  turne<l  up  in  the  lathe 
with  comparative  ease. 

The  writer  next  exaniine<l  and  di.scus»<e<l  the  data  obtainetl  in  the 
endeavor  to  arrive  at  s<^me  definite  conclusion  i-onci'rning  thecon)|M>sition 
and  position  of  the  "  strongest  of  the  bronzes."  All  the  surfaces  of  the 
iVaeturMl  tcst-pie«'es  w«'rc  very  caretullv  examine*!  under  a  strong  lens. 
It  wa>  found  imjHissible  to  dele<t  the  slightt-st  defect  in  them.  The 
fi'.;in'es  \v«'re  (hilnc*^!  from  th«'  curv«'s  obtaiuMl  l)v  the  Autographic 
Recording  Testing  .MachiiM'.  J'he  formulas  usetl  in  this  invoiig-ation 
arc  as  follows :  M=  W'h  •/*  where  tr  :=  weight  netvssary  to  deflect 
the  jM'ncil  one  inch  ;  h  ^  height  of  the  curve  alM>ve  the  Ikisc  line  at 
''^.  the  angle  at  rupture;  /  =  friction,  and  }f  is  the  torsional  moment. 

In  this  t«se,  »r  =  iXJ'O.'i  f<H)t-pounds.  and  /"  =:  4'75,  h  U-ing  meas- 
nred  on  the  Autographic  K»H"onl  of  each  t«>st-piwv ;  T  is  the  tenacity. 
In  onlcr  to  obtain  the  nHjuirctl  values  of  T  we  u.s«>  the  formula  given 
by  Mr.  Haird.^as  follows:  7' =.  [^(H)  —  J/'J  .)/,  in  which  J/is  known, 
and  tl^  is  measure*!  directly  from  the  Autographi*-  K«"c«ir»l  The 
values  of  M,  T,  tf,  and  t)^,  :is  obtained  from  these  «!ati»,  have  l)eeu  tabu- 


*  A  newly  dlseovered  Relation  between  Tenacity  and  Resistance  to  Tor- 
.««ion  ;   U.  n.  Thurston.     Tran?..  .\m.  Soc.  C  E.,  July,  1S71. 
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BS^zg^ae 


lated ;    the  average  values  of  M  and  T  have  been  deduced,  and  are 
included  in  the  following  table  {d^  is  the  angle  limit)  at  elastic : 


TABLE  II. 

Strength  of  Copper- Tin- Zinc  Alloys. 


Original 

Mark 
And  No. 


Stress  in  Torsion. 
Foot-pounds. 


Average. 


261-065 
193-361 
2:35-929 
250-851 
266-212 
224-151 
268-851 
189-488 
226-725 
250-948 
249  -014 
234-474 
217-996 
170-450 
208-788 
239-974 
238-771 
259-787 
214  -119 
244-168 
266-768 
263-508 
200-499 


Approximate. 

Stress  in  Tension. 

Pounds  per  Sq.  Inch. 


Ultimate. 
T. 


77309-5 
7-2301  -6 
53946  -3 
59810-8 
75576-6 
65980-5 
73017-6 
74912  -5 
75824-4 
75109-8 
frl208-3 
63193-6 
80910-9 
70741  -1 
58390-2 
55299-3 
66853-9 
69179-1 
74704-4 
75864-3 
74269-2 
63964-3 
61020-7 
61762-3 
64208-4 
57908-2 
49113  -5 
53165-5 
56965 -8 
68306  -7 
67725-5 
75959-4 
63200-3 
73488-3 
72871-1 
71.501-9 
69459-8 
59001-3 
68^88-4 
77612-1 
81381-6 
68888-4 
85770-5 
60986-6 
63084  -8 
45038-5 


Average. 


74805-6 
56653-6 
70778-6 
78965-1 
75467-1 
63700-9 
75826-0 
56844-8 
68017-5 
75284  -4 
69116-8 
61390  -5 
61058-3 
51139-5 
62636-3 
71842-2 
68344-8 
72186  -5 
64230-6 
73250-3 
75185-0 
73378-6 
54061-4 


Angles. 


1-5° 

1° 

1-1° 

0-7° 

1° 

1° 

2? 

2° 

4-6° 

2° 

2-5° 

2° 

2° 

2° 

2° 

2-69° 

1-5° 

1-79° 

2-1° 

2-8° 

2-4° 

1-9° 

2-3° 

1-6° 

2° 

1-1° 

2-3° 

2° 

2-6° 

2° 

1-6° 

1-6° 

1-4° 

1-8° 

1-6° 

1-8° 

2-2° 

1-4° 

1-6° 

1-8° 

2-9° 

2-4° 

2° 

2-5° 

1-6° 

1-2° 


43° 

40° 
5-05°- 

40° 

13-77° 

10° 

19-8° 

30-3° 

55° 

46° 

53-3° 

42-1° 

54° 

53° 
9-1° 
5-72° 
5-78° 
4-5° 
4-6° 
8-8° 

39-8° 

35° 

95-2° 
131  -4° 

52-4° 

65° 
4-9° 
7-2° 
4° 
5° 

8-8° 
6-80 

54° 

43-2° 

48-4° 

54° 
8° 

4-8° 
6-4° 
7-2°- 

38° 
8° 

56° 

76° 

63° 

128° 


From  these  tabulated  results,  and  by  comparison  with  the  general 
characteristics  of  the  test-pieces,  the  writer  has  determined  the  position 
of  the  strongest  alloys  very  approximately.     Later  investigation  may. 
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to  a  very  slight  extent,  ehan^  the  position  of  the  .stronp^est  alloy.  In 
the  diaf^raniM,  which  represent  that  portion  of  the  field  invcs»tigate<l, 
the  {)osition.s  of  the  alloys  (liscuss*-*!  are  f>laitily  niarke<i,  the  numljers 
corre«poii(liiig  to  those  in  th<;  talilc  just  given  ;  the  other  figures  are 
explained  ujkjh  the  diagram.     Diagram  I  hx-atew  the  alloya. 


^ 


DIAOR.VM  I.— LOCATION'  OF  ALIX)VS  TESTED. 

Diagram  II  is  baHtl  entirely  up(»n  tlu-  ri-sults  obtained  by  the  tor- 
sion tests.  Diagram  III  exhibits  the  tensile  strengths  of  the  8|H,vinieiis. 
Diagram  IV  gives  the  positions  of  thi>  alloys  as  di'termini^I  bv  a  stiulv 
of  II  and  III,  and  the  giiieral  rhara»tcristi«.-s  of  the  tt'st-pieir>,  and 
may  be  consiilered  praetirally  e.xact.  One  more  w«)rd  of  explanation  in 
nfrrenee  to  diagrams  1 1  ami  III  is  nwt^sjiry  :  In  ordiT  to  insun,'  al»*<>- 
lute  certainty  as  to  the  jKisition  of  the  "  stntngest  alU»y  "  evm-  prettiu- 
tion  was  taken  to  avoid  error.  On  tlKso  two  diagrams,  the  allovs  are 
arrangeil  in  three  different  .scrit's :     1  st.  Atx-ortling  to  the  average  values 
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of  M  and  T ;  these  are  marked  A.  Tliis  series  would  be  correct  if  both 
castings  of  each  specimen  were  exactly  alike,  a  fact  which  a  chemical 
analysis  alone  can  settle  beyond  doubt.  2d.  According  to  the  highest 
values  of  M.  and  T,  and  are  marked  B ;  this  series  was  arranged  in 
the  supposition  that  that  the  lesser  values  were  given  by  poor  castings, 
and  did  not  represent  the  true  strength  of  the  alloy.     3d.  After  a 


DIAGRAM  II.— RESULTS  OF  TESTS  BY  AUTOGRAPHIC  MACHINE. 

careful  scrutiny  of  the  table,  p.  264,  it  will  be  noticed  that  the  values 
of  M  and  T  obtained  for  bott  specimens  of  the  same  alloy,  in  some 
cases  agree  very  closely ;  when  this  was  the  case  the  average  values 
were  taken.  In  other  cases  the  diiferences  were  very  large;  under 
such  circumstances  the  higher  values  were  used.  From  these  two 
classes  the  3d  series  was  formed;  thus  it  will  be  seen  that  this  series 
is,  in  reality,  a  combination  of  the  1st  and  2d.  This  series  is  marked 
C.  Diagram  IV  was  formed  from  a  careful  study  of  diagrams  II 
and  III.     From  these  remarks,  it  will  be  seen  that  it  was  a  matter 
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2»>: 


of  w>me  diffinilty  t«»  diH-idft  HatHfai'torllv  a-*  tn  the  n*Ialiv«*  |M»»iti«>n'«  of 
tlif.'  allow 

The  (ii>l  "liji  u;i'  iM  lit-tii  iiiim-  \\tii<li  allov  -lioiiM  Iw  ••iititUil  tn 
the  first  j)ositioii;  thtif  wt-n*  two  rival^  for  thi-*  ixif^itioii,  Noe.  7  ami 
22.  No.  7. — Thi»  \v:i.«!  a  tiii«;  alloy,  with  a  uniooth,  fveii  frnrtiire, 
whoM'  Hurfac*-.  jtrex'iit<<|  a  toii^h  tihroii- a|>|M-siniinv  and  whi«h  twi."t«-<l 
apart  slowly  aii<l  «'Vfiil\.      So.  .'.'.      Ihi"  \va-  an  all«»y,  jjoMen  iii<^»l'>r 


l>I.V«il<AM  111.— TENACITY  oKTHK.  "MaVIMI'M"  ALLUYH. 

ninl  vtTV  cjorii'  ^jnuiK-ii  niul  p»v«'  a  fnuinrt'  in  all  n"^|M*ft«»  «iinil:ir  !•» 
No.  7,  and  wsu*  (•xi"t'<'«lin;;ly  tou^h.  Tims,  in  apiM-nrniKv  and  pMXTnl 
ohnnu'toristiw.  tlu'f'o  alloys  wen*  oxciitlin^ly  alike.  C'on?<nliin^  dia- 
grams II  and  III.  it  was  found  that.  whc>n  thi'  avoragt»  valuer  of  M 
and  T  w«>n'  ms«i1.  \»>.  7  sti»«Ml  first  iiiion  thf  li^t  and  No.  22  ihini  and 
soviMith ;  wliih'.  in  nu-h  nis*'.  whrn  tin-  hij^hor  valnt^*  wrri'  tnk<>n.  No. 
22  \va.««  fir>«t  and  No.  7  s*<<>>nd  and  thini.      .Vrtrra  oari'fnl  oxamiiialion 
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of  the  values  obtained  for  No.  7,  it  was  thought  best  to  consider  A 
and  B  as  specimens  of  the  same  alloy  for  the  values  of  M  and  T  for 
B,  though  differing  considerably  from  those  of  A,  are  very  high,  and 
the  values  of  6%  and  d,.  are  very  similar  ;  therefore,  tor  this  alloy,  the 
average  values  were  taken.  In  the  case  of  No.  22  there  was  not  only 
a  great  difference  in  all  the  values  of  A  and  B,  but  B,  while  giving 
very  low  values  for  M  and  T,  gave  a  very  high  figure  for  d^;  this 
would  indicate  a  change  in  composition  either  from  volitilization  or 
from  some  other  cause;  hence  A  and  B  have  been  considered  as  two 
independent  alloys  and  B  is  thrown  out  as  a  weak,  though  ductile 
alloy.  The  values  of  No.  22  A  being  by  far  the  highest  obtained,  this 
must  be  considered  the  strongest  alloy,  and  No.  7  stands  second  upon 
the  list.  It  is  an  excellent  alloy,  giving  exceptionally  high  values  for 
its  moduli. 

The  next  upon  the  list  is  No.  21.  In  this  case,  the  values  of  A 
were  alone  considered,  for  those  of  B  were  much  lower  and  the  casting 
was  defective  and  very  brittle  and  had  a  ragged,  uneven  fracture.  It 
showed  signs  of  considerable  liquation.  "A"  was  a  very  excellent 
specimen  and  gave  values  of  M  and  6^  nearly  equal  to  those  of  No.  7, 
and  the  value  obtained  for  T  was  higher  than  the  corresponding  value 
for  No.  7,  in  fact  this  value  was  exceeded  by  that  of  No.  22  only. 
The  metal  was  of  a  bright  straw  color  and  had  a  smooth,  regular  frac- 
ture and  considerable  ductility;  it  was  a  very  close  third.  While  the 
values  of  M  and  T,  for  No.  1  A,  were  higher  than  either  of  the  corres- 
ponding values  obtained  for  No.  5  A  and  B,  yet,  in  each,  there  was 
such  a  very  small  difference  between  the  values  obtained  for  A  and 
those  obtained,  for  B,  that  it  was  impossible  to  do  otherwise  than  to 
consider  them  as  two  pieces  of  the'  same  alloy;  consequently  average 
values  have  been  considered.  This  places  No.  5  fourth  and  No.  1 
fifth.  No.  5  ■was  a  very  fine  alloy,  possessing  great  ductility  and  giv- 
ing a  good  smooth,  square  fracture  and  the  grain  was  very  close  and 
compact.  But  higher  results  can  undoubtedly  be  obtained  from  an 
alloy  of  this  composition;  for  these  specimens  showed  signs  of  slight 
liquation. 

No.  1. — This  was  a  tough  metal,  the  pieces  being  twisted  apart 
slowly,  not  snapping  suddenly,  as  in  the  previous  case;  better  results 
should  be  expected  from  this  alloy,  for  it  exhibited  signs  of  an  imper- 
fect mixture  of  the  metals.  This  was  the  strongest  alloy  reported  by 
Professor  Thurston  to  the  American  Society  of  Civil  Engineers,  and 
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<J(«crilKxl  in  I*;irt  III.  TIp- si.vtli  position  lia>*  J^eeii  as.sijfnod  to  Nu. 
11.  It  ha.s  l>eeii  tiiouj^lit  better  t<j  tliiow  out  all  the  value*  of  li,  as 
all  the  iudication.s  were,  that,  though  a  duetile  .sjierMiueu,  it  was  still  a 
verv  weak  one  and  it  does  not  fairly  reprej^ent  the  stn;n>fth  ot^  this 
allov.  A  gave  a  fine  n^j^ular  fracture  and  had  hi^;h  ductility;  it 
twi.-ted  apart  slowly  and  evenly.  It^  values  for  M  and  T  were  very 
liij^li.  The  ne.vt  ii|)i>n  the  list  was  No.  18.  This  was  a  ^xkI  alloy, 
and  althou'jh  more  cry.stalline  than  thcwe  previ«»u.«}ly  luentione*!,  luul 
a  stn(K»tli  IVactun' ami  hi;.'h  iiKMliili;  it  was  very  ductile.  In  the  ca-**? 
of  H,  there  was  considerable  li(jUution;  l)ut  its  torsional  stren>^th  wa- 
verv  high  and  it.s  value  for  T  a  very  fair  on?.  The  eightli  n|x»n  the 
list,  No.  10,  though  it  gjive  high  values  for  M  an<l  T,  was  still  a  verk- 
brittle  alloy  ;  its  values  for  //,  l)eing  4<;°  and  88'  and  it.-*  color  gniy. 
with  a  fracture  closely  resembling  that  of  steel.  Its  tensile  strength 
was  very  grejit,  being  7o,()<M)  pounds,  a  higher  figure  than  .'i^mie  of  the 
prcce<ling  alloys  have  given;  but  its  value  for  M  was  much  lower.  It 
was  a  very  hard  metal.  No.  4  stands  ninth  and  has  even  higher  values 
for  T  tiian  N(>.  18,  but  its  other  value>  were  niu<'li  lower.  There  was 
considerable  licpiation  with  .\,  while  it  e.\hibite<l  a  fracture  that  was 
smooth  and  regular,  and  it  ijroke  otf  slowly  and  evenly.  In  c<»lor  it 
was  a  light  yellow.  H  broke  off  suddenly,  giving  a  rough  granular 
and  uneven  fracture;  it  was  of  a  very  light  gray  color,  indit^tiug  a 
brittle  metal;  but  its  values  of  ti^  were  go<Kl,  and  it  was  quite  stn»n;r. 
In  this  alloy  there  was  1  |>er  cent,  more  /inc  and  1  |)er  cent,  h-ss  tin 
than  in  No.  10,  and,  though  yielding  slightly  lower  values  f«tr  M  and 
T,  it  was  far  more  ductile;  and  had  there  not  Ufn  any  li«piation  tln-^e 
values  Would  have  exceeiieil  those  obtaineil  for  No.  lO.  Following 
this  alloy,  (piite  closely,  was  No.  20,  an  alloy  ver>*  bright  in  «H»lor, 
almi>st  white,  and  having  a  raggi^l  fracture.  It  was  an  cxctH-^iingly 
brittle  alloy ;  its  average  value  for  ^',  being  but  »>'8^  ;  its  value  of  T 
was  very  g(K)tl.  If  this  value  alone  had  Ih-iii  consideretl,  it  wouM  have 
entitled  it  to  a  much  better  position;  but  from  a  consideration  of  all 
the  facts  it  was  intt  thought  Inst  to  advantv  its  }M»sition  in  the  list. 
The  eleventh  was  No.  1(1.  This  was  a  remarkably  ilen.'so  alloy,  very 
hartl,  with  a  fnicture  clost»ly  resembling  that  of  steel.  Its  values  of 
M  were  (piite  high  and  those  for  T  especiallv  so,  \\  was  a  finer  s|Mvi- 
nien  than  A,  but  the  tlitlerence  was  not  great  enough  to  warrant  the 
rejection  of  A.  It  was  very  brittle.  No.  3,  the  twelfth  alloy  upon 
the  list,  was  slightly  less  brittle  than  the  preixxling,  its  average  value 
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of  ^r  being  11*9°.  While  testing  A  a  "set"  took  place  and  this  was 
the  cause  of  A  yielding  values  so  much  higher  than  B  and  values 
which  are  higher  than  can  ordinarily  be  expected  from  this  alloy.  It 
broke  suddenly,  giving  a  very  ragged,  granular  fracture;  it  was  light 
in  color.  Thirteenth,  No.  17. — This  was  a  very  ductile  alloy,  its 
values  for  6^  averaging  48*6°.  It  was  of  a  deep  golden  color,  and  had 
a  smooth,  regular  fracture,  twisting  apart  slowly  and  evenly.  The 
composition  of  this  alloy  was  very  nearly  the  same  as  that  of  the 
"Tobin  Alloy."  Fourteenth,  No.  19,  was  a  close-grained,  brittle 
alloy,  nearly  white  in  color,  and  gave  a  very  ragged  and  uneven  frac- 
ture ;  it  broke  suddenly.  The  values  of  A  alone  have  been  considered, 
the  others  being  far  too  low.  Fifteenth,  No.  9. — This  was  another 
very  brittle  alloy,  with  a  fracture  closely  resembling  that  of  steel. 
Sixteenth,  No.  6. — This  was  very  ductile,  giving  a  smooth,  regular 
fracture,  and  breaking  slowly  and  evenly.  Its  values  of  M  and  T 
were  very  fair.  Seventeenth,  No.  12. — This  was  not  a  triple  alloy,  as 
it  contained  copper  and  zinc  only.  It  was  an  exceedingly  beautiful 
alloy,  of  a  very  deep  golden  color  and  very  closely  grained.  B  was 
much  the  jfiner  specimen,  though  there  was  not  much  difference  in  the 
values  obtained.  This  was,  by  far,  the  most  ductile  alloy  tested,  the 
average  of  6^  being  113'3°,  though  125°  would  undoubtedly  be  a  fairer 
average  value.  This  was  a  good  alloy.  Eighteenth,  No.  23,  was  the 
second  most  ductile  alloy,  and  one  of  its  values  for  d,.  was  only  3.4° 
less  than  the  highest  values  of  No.  12;  but  the  other  values  of  this 
piece,  B,  have  been  rejected  as  being  unreliable.  This  alloy  had  a  fine 
fracture,  smooth  and  regular.  In  color  it  very  closely  resembled  green 
bronze.  Nineteenth,  No.  13,  was  also  a  dual  alloy,  and  though  resem- 
bling No.  12  in  appearance  and  giving  high  values  for  6^,  its  ductility 
was  only  about  one-half  that  of  No.  12;  this  was  expected,  for  the 
amount  of  zinc  was  increased  2  per  cent,  at  the  exi)ense  of  the  copper, 
which  made  it  more  brittle.  Twentieth,  No.  15,  was  exceeedingly  brittle, 
and  closely  resembled  steel  in  its  fracture.  Twenty-first,  No.  2. — The 
results  obtained  for  the  piece  B — A  was  thrown  out — were  not  as 
expected ;  it  was  surrounded  by  alloys  which  gave  much  better  results 
and  therefore  such  a  weak  specimen  was  not  looked  for  in  this  place. 
It  was  quite  ductile  and  had  a  good,  even  fracture ;  it  resembled  No. 
23  in  color.  Twenty-second  and  Twenty-third,  Nos.  8  and  14. — 
These  alloys  both  contained  large  amounts  of  zinc  and  little  copper, 
and  consequently,  gave  but  poor  results ;  they  were  both  brittle  and 
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wcjik.  N<».  I  I  ii>iit;iiin«|  nior*-  /.'ww  tluiii  No,  8.  The«e  cJaUi  have 
\}Viiv\  Hummari/«;<1  in  the  (iia^ruiii  aii<l  h<n?  it  w  verv  plainly  »een  what 
|K»siti()ii  cjuh  aljov  <K'(Mi|ii(s  ii|>oii  th*'  fu-M.  It  was  f<^»nrlu<lorl  from  the 
ahovc  that  thf  peak  rit'  th<-  iiioiiiitaiii  wit-  at  Nf>.  *J2.  aii<l  that  the 
\'\i-\i\  ciu'IoschI  I»v  tin-  (lofK-d  liiM'?*,  (lia^nirii  I  \',  c-ontaiiit-*!  all  the  \niSl 
.illovs.  No.  tl  wa>  x'ciiiiiij^ly  an  ••x«-«'|»li«»n,  >tan«liii^  hixtii-nth,  yrt  ii 
wn-  iiH'Imh-*!    Immmmm-    it    \v:i«>   flmiit'lit    lliut.  In  :i    ^iilr-i  dii*  lit  iiiv«-;-ti'/:i- 


V 


o 

MiMiHvM  i\.     i.'M  A  rni\  iif  Ni  HiiN«jK'«r  i«m>N/.»>. 

tion,  lii^hrr  \aliu>s  iiiav  Im>  ol)inin«-«l.  It  was  thought  tlMuiittiil 
wlu'thtr,  in  another  test.  No.  is  wi-tiM  «i>niinue  to  ImM  fiu<h  a  hi^h 
position.  After  a  mrefnl  .nuiily  of  thi«»  fieltl,  the  ei>nrlii*ion  wa» 
leaclutl  that  within  it  all  is  enipiri«-al.  Though  -V".  ->'  was*  the 
>tron^e.Ht  alloy,  yet,  for  pnieti«^il  purintM's.  it  woiiM  always  l»e  Uiter 
an«l  sjiftT  to  try  to  ohtnin  an  alloy  ttf  the  eitn)|MMition  of  So.  ,'»  ;  A»r  a 
-liijht    change   in   the   e«)in|>osition    wouhl    not   l>e  likely  to  proihicp  a 
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defective  metal ;  while  No.  22  stands  upon  an  edge  of  the  field,  and  a 
very  slight  variation  in  composition  might  make  a  very  great  change 
in  strength.  Therefore,  in  conclusion.  No.  22  is  Professor  Thurston's 
'^'Strongest  of  the  Bronzes,"*  and  No.  5  is  the  best  for  practical  purposes- 
These  two  alloys  are  respectively,  copper  STj'zinc  42,  tin  1 ;  and  copper 
56,  zinc  42,  tin  2.     (See  Table  I.) 

It  is  intended  at  the  earliest  possible  moment  to  repeat  some  of  these 
tests  and  to  verify  some  of  the  results;  but  there  is  very  little  proba- 
bility that  any  great  change  will  be  consequent  upon  such  repetition  of 
the  work.  No.  22  is  marked  "  Jobbins,"  on  diagram  IV  and,  meantime, 
may  be  assumed  to  be  substantially  representative  of  what  Prof.  Thur- 
ston has  shown  to  be,  as  he  states  it,  the  "strongest  broyize  that  man  can 
make." 


Thevenin's  Theorem. — Let  Fand  FM^e  the  potentials  of  two 
points,  A  and  A^,  in  a  system  of  united  linear  conductors  enclosing 
electromotive  forces  E^,  E.^,  .  .  .  E^,  distributed  in  any  manner^ 
If  the  points  A  and  ^1^  are  united  by  a  wire,  ABA^,  of  resistance  r, 
<;ontaining  no  electromotive  force,  the  potentials  of  the  points  A  and 
A^  take  values  different  from  T^and  F^,  but  the  current  i,  which  circu- 
lates in  the  wire,  is  given  by  the  formula 

F—  V 

*'  ^    r  +  R 

in  which  R  represents  the  resistance  of  the  primitive  system,  jueasured 
between  the  points  A  and  A^,  considered  as  electrodes.  Thus  Ohm's 
formula  is  applicable,  not  only  to  simple  electromotive  circuits  with 
poles  well  defined,  but  also  to  any  network  of  conductors,  which  may 
consequently  be  regarded  as  an  electromotor  with  arbitrary  poles,  of 
which  the  electromotive  force  is,  in  each  case,  equal  to  the  difference  of 
the  potentials  pre-existing  at  the  two  points  which  are  chosen  for 
poles. — Compfes  i^endtts,  July  16,  1883.  "  C. 


*  According  to  Professor  Thurston,  this  was  to  be  looked  for  among  comi30- 
sitions  approximating,  copper  55,  zinc  43,  tin  2  ;  Strongest  of  the  Bronzes.— 
Trans.  Am.  Sac.  C.  E.,  No.  1,  1881. 
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A  TILTING  WATER  METKK  FOR  PURPOSES  OF 
EXPERIMENT. 


Bv    J.    C.    HoAKI.KV,    H<«TON,    MaSS. 


Havinp  had  to  rnako,  in  t\w.  cours<'  of  the  year,  a  p-eat  number  of 
C'xpcririK'iits  in  piimpinj;  water  filter»'«l  throu^rh  sand  under  various 
[)rc'arnin^wl  conditions,  in  quantities  ninj;in^  from  little  niun-  than  one 
j^allon  in  an  hour  to  eij;lit  or  ten  ^Ilons  in  a  minute,  tlu-  writer  s<H>n 
found  that  all  coninicreial  water  meters  were  wholly  un>uitiible  for  his 
imrposes.  They  were  liable  to  obstruction  bv  sjuid,  inae<-urate  at  be^t, 
wililly  inaccurate  at  ver)'  low  s|>ee<ls,  and  dinicult  to  re:id  at  iiigh 
••pecils.  In  addition  to  this,  the  reading?  were  at  all  times  iiisus(«ptible 
of  verificjitioii  and  of  [K-rmanent  re«-ord, 

Xot    liaviii;^   found,   aft*r  search   made,  anv   ac<'<»uiit  cf   a   suitable 


SIDE  ELEVATION 

SCALE'* 

uistrument,  it  Inx-ame  ntnvssary  to  devise  one,  and  without  presuming 
that  this  is  wholly  new  or  unknown  to  all  the  menilxrs  o{  this  ■MxMctv. 
drawings  and  a  desi-ription  of  it  arc   prt'<rnt«'«l   a-*   a   matter  of  reconi 
for  what  it  is  worth. 
Whole  No.  Vol..  ex  VI  i.-     I  iiiun  >kkii -,  XmiIxxxvu  )  18 
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[Jour.  Frank.  Inst., 


There  was  required  an  instrument  which  would  measure  aud  record 
with  all  possible  accuracy,  and  without  liability  to  important  error, 
the  quantity  of  water  flowing  in  a  continuous,  but  pulsating,  and  some- 
times variable,  stream,  in  accurately  ascertained  intervals  of  time. 
As  constructed  and  used  the  instrument  is  very  simple  and  inexpen- 
sive, and  is  clearly  shown  in  the  accompanying  drawings. 

Two  Y-shaped  cups,  each  embracing  an  angle  of  60°,  are  joined 
together  by  a  common  side,  which  is,  in  fact,  a  mere  partition  between 
them,  so  that  the  two  cups  together  embrace  an  angle  of  120°.  This 
double  cup  is  supported  in  a  case  upon  pivots  directly  under  the  parti- 
tion, turning  in  hollow,  adjustable  screws  in  nuts  attached  to  the  case, 
one  on  each  side.  When  one  of  the  outside  plates  of  the  double-Y 
cup  is  in  a  horizontal  position,  supported  in  that  position  by  two  cork 
stops  on  which  it  rests,  the  partition  between  the  two  Y-cups  makes  an 
angle  of  30°  with  the  vertical,  and  the  outside  plate  of  the  upright 
cup  makes  an  angle  also  of  30°  with  the  vertical,  but  at  a  little  greater 
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distance  horizontally  from  a  vertical  plane  passing  through  the  axis  of 
the  pivots,  on  account  of  the  curve  by  which  the  outside  plate  is  joined 
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to  the  jiartitiuii  ami  to  tin*  ouL^i«le  plate  of  the  pro^n.ii'  <  uji  at  it?* 
l(»\ver  end.  But  lor  this  ^rreater  horiz<jntal  width  on  the  <»uter  side 
there  wouhl  l>e  no  tendemy  to  tij> — the  upright  cup  would  siniplv  fill 
lip  and  ovtrflow,  and  there  would  U-  an  <*nd.  IJut  a**  the  wat«T  rise* 
in  the  upright  cup,  the  prism  ot"  water  outride  of  a  plane  p:u^aing 
through  the  axis  of  the  pivots  and  making  an  angle  of  30^  with  the 
vcrtiwd,  a'-'juiresconjifantly  inere;i'<ing  pn'jM»nderan<*e  over  thee<piij>oifto 
of  the  wetlge-shaj)ed  bf^ly  of  water  Ixiundetl  by  ])lancs,  each  making 
an  angle  of  30°  with  the  vertical,  and  inten*e<*ting  in  the  axis  of  the 
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pivots.  When  this  prc|x)nderance  lHH'*)mes  sufficient  to  oveni»nie  the 
me<'hanical  advantage  of  the  pnwtrate  cup  itself  over  the  upright  cup 
— an  a«lvanfage  due  to  its  grf:iter  levcnig*-  with  e«|ual  weight — the  cup 
will  tilt,  the  water  in  the  upright  cup,  nt-jirly  tilling  it,  will  \k'  pourtil 
out  into  the  ca-^e  to  run  away  through  its  s[)out,  and  the  now  emptv 
cup,  lying  prone  on  its  cork  stops,  will  Ufome  the  prostrate  cup,  with 
the  greater  leverage — its  center  of  gravity  l)cing  at  the  greater  hori- 
rontal  distance  fn»ni  the  axis  of  the  pivot.  The  other  cup.  now 
upright,  will  U'  fille^l  in  its  turn  and  repejit  the  tilting  pnx>ess,  and  so 
on  alternately  as  long  as  the  stream  flows  into  the  cu|v<. 

The  tip   is   veri-  sudden,  ami   is  luatle  with  consi<lerable  forw.     A 
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light  spring  of  sheet  brass  attached  to  the  case  in  the  middle  of  its 
length  by  a  piece  of  wood  which  insulates  it  is  connected  by  a  binding 
post  with  one  pole  of  a  battery,  and  the  case  itself  is  in  like  manner 
connected  with  the  other  pole.  A  bit  of  sheet  brass  soldered  to  the 
outside  of  the  tilting  double  cup,  directly  opposite  the  partition  and 
above  the  case,  forming  a  sort  of  cam,  comes  into  contact  with  the 
spring  in  passing.  This  completes  the  circuit  interrupted  by  the  block 
of  wood  which  supports  the  spring,  and  records  each  tip  by  a  dot  or 
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short  dash.  The  cam  does  not  come  into  contact  with  the  spring  until 
the  tilting  cup  has  acquired  considerable  momentum,  so  that  the  tilting 
is  not  sensibly  retarded. 

In  designing  this  instrument  the  weight  per  square  inch  of  the  sheet 
tin  selected  for  it  was  first  ascertained.  The  whole  of  the  double  cup, 
ends,  sides  and  partition  lying  on  each  side  of  a  vertical  plane,  passing 
through  the  axis  of  the  pivots,  was  then  divided  into  simple  geometrical 
figures,  the  center  of  gravity  of  each  figure  was  found,  and  the  hori- 
zontal distance  of  the  common  center  of  gravity  of  each  portion  from 
the  vertical  was  computed.  The  weight  of  each  portion  lying  on  each 
side  of  the  vertical  was  also  computed,  and  multiplied  by  the  corres- 
ponding horizontal  distance  of  each  center  of  gravity,  which  gave,  of 
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cotirstf,  the  static  nu)n)fciit  of  that  |K»rtii>ii  of  th«-  «l<nihh'  nip  on  earh 
si<h*  of  ;i  v«Tti«-Jil  plaiif  jKtH-itij^  through  th«*  axi.-  of  thr  pivot*. 

The  (litUn'tKc  of  th«'>4'  static  nioiiicnts  wa*"  the  prt*|M»iHh.TTiiJce  of  the 
prostrate  over  the  upright  <iij) — Uith  empty — to  1)6  overcome  by  the 
water  ill  th<'  uprijrht  cup  \vh<n  full  to  the  tihin^f  |H>iijt,  arxl  this  was 
ootr^pute<i  in  a  >iiiiihir  manner.  A  sli^lit  a<l|ii<-tnient  of  tliecork  .'<topA 
8ul!ic'o<i  to  c«»m|M'ns:ite  for  the  inanuracy  of  th«*?*4*  t*:!!**!!  hit  ions. 

This  lea<l.s  me  to  sjKnik  of  the  matter  of  ndjimtment  by  meanr^  of 
the  cork  stops.  I  actually  us<h1  a  mere  so«ket,  like  a  "^hort  candle- 
tttick,  to  hold  ejicli  eork,  entirely  in>i<h;  of  the  ium-,  which  wa.s  plain  f»n 
the  l)ottom.  In  the  <ii-awinjrs  will  Ix*  !»een  four  lonj;  !*<x*ketis,  projecting 
Im'Iow  as  well  i\>  alM)V('  th^-  Inittomof  the  c:is<',  with  a«lju«itinjj  '^ert-w-.  and 
<'lieck  nuts.     The  adjustahle  eorks  an-  held  in  short  xK-kets,  with  thiik 
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bottoms  to  n'>t  on  the  adjusting  s<Te\vs,  heavy  enough  to  k«-«p  the 
corks  from  tloating  away.  This  devio-  i>  nntritil.  but  I  think  it  <|uite 
practicable  an<l  no  less  desinible. 

I  had  two  of  tluse  meters,  .sulistantially  alike,  and  adjustt^l  iluin  by 
flowing  water  through  them  into  a  tub  platttl  on  st«lw*,  tt)unting  the 
tijw,  and  taking  the  weight  and  tem|K'rature  of  the  water.  I  then 
plactil  one  of  the  meters  dirwtly  over  the  other,  sup|H>rteil  u|>on  the 
lub  by  a  suitable  frame,  and  n»»we«l  a  strwim  thn>ugh  Inith,  the 
electric  register  recording  the  tips,  and  the  s<>jdes  acctntnting  for  the 
jpiantity  of  water.  The  first  tip  of  the  up|Hr  meter  di«l  not  fill  the 
lower  meter  to  the  tipping  |M>int  by  al>out  ^^  in<*h,  a  little  water 
adhering  to  the  cup  and  i-.u*!'  of  the  first  meter,  but  the  s^i-jind  tip  oi 
the  first  was  instantly  foUowtxl  by  the  first  tip  of  the  !<iecond,and  soon 
until  the  tub  wjus  fille^l.  A  n>|M>tition  of  this  ex|>eriment  gave  sub- 
stantially the  same  n-^iult^  —  01  tij>s  in  *2(V2;  }>ound'4  :=  ^X\  jxnjnds 
IHT  tip,  and  at  HO  F.,  ()*4  gsdhtn  jht  tip  — 2.'U  cubic  incht^  jmt  gallon. 

The  elet'tric  ivgister  also  rei'«>nleii   upon  the  same  J-inch   strip   oi 
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paper  the  beats  of  a  seconds  pendulutn,  and,  when  two  pumps  were 
used,  the  strokes  of  the  pumps  and  the  tips  of  each  meter.  It  was 
also  easy  to  note  the  tips  by  the  ear  while  watching  the  second  hand  of 
a  horse-timer,  by  which  means  the  interval  of  time  between  tips  could 
easily  be  observed  to  quarters  of  a  second.  This  is  not  an  instrument  of 
precision.  It  is,  perhaps,  a  little  more  accurate  than  a  gallon  measure 
at  all  practicable  speeds;  at  slow  speeds  probably  decidedly  more  accur- 
ate, and,  with  proper  care,  no  considerable  error  is  likely  to  occur. 
When  operated  very  rapidly  the  swaying  of  the  surface  tends  to 
accelerate  or  retard  in  a  small  degree  the  tipping  of  a  cup  nearly  full,, 
but  there  is  no  tendency  to  accumulation  in  such  errors,  which,  there- 
fore, may  be  presumed  to  balance  each  other,  at  least  in  some  degree. 
The  sloping  covers  at  the  ends  of  the  case  were  an  afterthought  to 
prevent  spattering,  and  were  kept  a  sufficient  distance  apart  to  admit  of 
taking  out  and  replacing  the  tilting  double  cups.  The  curved  wings 
under  these  sloping  cups  were  a  second  afterthought  for  the  same  pur- 
pose, and,  as  it  stands,  the  case  arrests  all  water — there  is  no  spattering. 
Of  course,  a  suitable  funnel  is  generally  desirable  to  collect  the  water 
from  a  pump  and  to  convey  it  into  the  cup  in  a  stream  as  steady  as 
possible,  and  vertically  over  the  axis  of  the  pivots.  It  is  also  neces- 
sary that  the  meter  should  be  level,  both  when  adjusted  and  when  in 
use. 

This  instrument  substantially  weighs  the  water  of  a  flowing  stream^ 
and  may  possibly  prove  useful,  if  strongly  and  delicately  made,  nicely 
adjusted  and  suitably  porportioned  to  the  quantity  to  be  recorded,  for 
keeping  the  record  of  water  used  during  tests  of  steam  engines  and 
boilers.  It  is  respectfully  submitted  to  the  profession  for  what  it  is 
worth. 


Distillation  of  Benzine. — J.  Chevalier,  a  dyer  and  scourer,  of 
Toulon,  employs  benzine  in  cleaning  his  articles.  The  benzine  soon 
becomes  charged  with  foreign  matters,  is  discolored,  exhales  a  disagree- 
able odor,  evaporates  very  slowly  and  loses  its  cleansing  properties,  so 
that  it  must  be  replaced  by  a  new  supply.  Thinking  that  it  might 
be  possible  to  make  a  great  saving  by  distilling  the  deteriorated  ben- 
zine, he  obtained  remarkable  results.  The  distillation  gave  a  product 
which  was  limpid,  much  purer  than  the  ordinary  commercial  benzine, 
ten  per  cent,  lighter,  and  much  more  efficient  in  its  action. — Chron. 
Industr.,  April  8,  1883.  C. 
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CAST  IRON   IN  STKA.M   IIOILKILS. 


By  S.  Li.ovi)  WifXiAND. 

[Read  at  the  Slatc-d  Meeting,  February  Jt,  1»M.] 


Consi<Ionil»lc  interest  haviii|r  \jwu  cxjjressetl  in  tla-  matter  of  the 
hmxtinj;  of  a  flat  lioiler  liea«l,  parts  <»f  which  were  shown  at  the 
.laniuiry  nieeting  of  tlie  Franklin  Institute,  and  the  limited  supply  of 
water  liaving  delayed  the  opportunity  of  testing  the  riveted  iron  drum 
with  flat  ejLst  iron  heads,  an  was  intende<l  at  that  meeting,  all  of  the 
pHKurahle  parts  of  the  burst  boiler  head  are  lure  pro<hice<l,  that  the 
m«'ml)ers  may  examine  them. 

The  conditions  muler  which  tiie  l>oiler  head  burst,  have  l)een  dif- 
ferently stated  by  diflcrcnt  parti«-s  who  were  present  at  the  aividcnt 
and  IkjIIi  imme<liately  l)efore  ami  thereafter,  and  the  statements  made 
bv  the  same  witness  of  the  accident  at  different  times  appears  to  vark*. 

This  is  not  an  unusual  occurence  in  reganl  to  l>oilcr  explosions,  and 
that  it  should  be  so  will,  upon  a  moment's  consideration,  apjK'ar  a  niost 
probable  state  of  affairs. 

The  party  in  charge  of  a  burst  boiler,  should  ordinarily  know  most 
about  its  condition  In-forc  the  accident,  such  pcr-ons  arc  most  apt  to 
be  killeil,  in  which  event  their  testimony  is  lutpelessly  lnyond  reach, 
or,  if  not  killed  and  they  are  hurt,  they  are  so  shocketl  and  astonished 
thai  their  mental  faculties  are  for  the  time  impaire*!.  lint  assuming 
that  they  are  neither  kille<l  nor  hurt,  they  are  the  |>artics  ujMtn  whom 
naturally  responsibility  for  the  disiLster  should  at  fii"st  sight  ap|H>jir  to 
rest  and  are  put  on  the  defensive  to  make  the  best  sh<»wing  tluy  can 
for  themselv&s,  and  as  a  rule  they  do  the  l)est  they  know  how  to  do  in 
that  dirtvtion. 

The  explanations  otlerinl  by  boiler  attendants,  such  under  circum- 
stances, often  ln'ojidly  sugg»st  and  sometimes  demonstrate,  l)oth  their 
incom])etency  or  tlii'ir  ignorance. 

So  that  after  all,  in  investig-ating  the  c:uise8  of  such  disasters,  the 
most  reliable  parts  of  the  testimony  are  the  pieces  of  the  wnvk  wjjich 
after  being  examinetl  ciirefully  in  many  i-:is<.'S,  prove  much  of  the  oral 
testimony  to  l>c  entirely  inconsistent  with  denu>nstrat<"<l  fact. 

That  the  heads  of  the  vessel  we  now  proj>ose  to  tot  may  lie  com- 
pared with    the  bur-t   Iniiler,  which   had   heads   maile  fn>m   the   s:ime 
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pattern,  is  the  reason  for  the  appearance  of  these  parts  of  the  wreck  at 
this  meeting. 

It  was  alleged  that  the  exploded  boiler  was  under  a  pressure  of  less 
than  601bs.  per  square  inch,  and  that  it  was  in  fluid  communication  with 
the  steam  pipe  of  the  other  two  boilers,  which  did  not  burst. 

The  steam  guage  of  the  other  boilers  was  uninjured  and  proved  so 
uj)ou  test  by  the  maker  after  the  accident. 

The  steam  guage  of  the  bursted  boiler  was  burst  and  destroyed. 

One  of  the  proprietors  testified,  that  both  the  safety  valves  of  the 
bursted  boiler  sometimes  stuck,  an4  that  preceding  the  accident  several 
witnesses  said  the  steam  did  not  blow  off  from  them. 

These  valves  were  set  to  a  higher  pressure  than  the  engineer,  and 
other  witnesses  testified  was  indicated  by  the  steam  guage. 

The  engineer  testified,  tliat  there  was  not  over  401bs.  of  pressure  of 
steam  on  the  boiler,  but  that  the  safety  valves  blew  off  right  up  to  the 
time  of  the  explosion. 

This  boiler  prior  to  being  put  in  use,  had  been  subjected  to  a  hydro- 
static pressure  of  1151bs.  per  square  inch. 

There  was  much  conflicting  testimony  taken  from  employes  of  the 
works  where  the  accident  occurred — the  testimony  before  the  Coroner 
and  his  jury,  and  the  testimony  given  in  Court,  in  a  case  in  which  a 
suit  for  damages  was  tried,  resulted  in  a  large  volume  of  stenographic 
reports,  which  displayed  more  conspicuously  conflicting  opinions  of 
professional  experts  as  to  the  cause  of  the  accident  than  anything  else. 

Tlie  uncontested  facts  that  appeared  were  those  demonstrated  by  the 
parts  of  the  wreck — these  we  have  here. 

An  endeavor  having  appeared  to  commit  the  Franklin  Institute,  by 
a  series  of  ingeniously  worded  preambles,  to  a  disapproval,  or  condem- 
nation of  flat  cast  iron  heads,  as  parts  of  cylindric  steam  boilers,  and 
the  fact,  that  upon  the  docket  of  the  United  States  Circuit  Court  for 
this  district  several  cases  appear  analagous  to,  if  not  identical  with 
the  one  already  tried,  it  seems  but  proper  that  the  members  of  this 
Institute  should  personally  discountenance  all  attempts  to  prejudice  or 
pervert  public  sentiment  upon  questions  in  litigation,  and  that  this 
Institute  should  limit  its  operations,  as  it  has  heretofore  consistently 
done,  to  the  investigation  and  accurate  ascertainment  of  exact  facts  in 
science  and  the  mechanic  arts. 

The  highest  usefulness  of  this  Institute  having  been  heretofore 
achieved    in    promoting  the  mechanic  arts   and  sciences  (for  which 
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j)iirjK»se  alone  it  lia-  Ix-on  <|iart<'rfHl),  l)y  imjiartirj^  reliable  information 
and  ^^iving  satlHfactory  reasons  tlienfor,  it  is  resiMH'tfully  supgestwl  that 
a  (l(j)artiin'  from  sncli  pnutii-r  and  the  -uhstilution  of  nn-re  opinion-. 
iiii-ii-tainc(l  hy  siil)stantial  and  eonelnsive  evidemv  and  cxitn-s-i*'*! 
<  ithcr  ill  preamhlo  or  n-solntions,  Is  Ua\\  undertirahle,  and  in  defeat 
of  tin-  jtiirpose  of  <»iir  organiz:itioii  and  charter. 


yTAM)AKi)>  or  ij:N(i'ni  and   iiikii:  ^ii'.i>i\i-i<)n 


iiy  (iKoiti.K  M.  lioND,  Hartford,  (.oim. 

[A  lecture  (lellveri-«l  Ix-fore  ih.-  Fkanki.in  In-tititk,  February  "Jl.  ISM. 


We  are  all,  no  dt.nht,  familiar  with  the  old  table  of  English  measurw 
of  length  beginning  "3  barley<'orns  tnake  one  inch."  I,  for  one,  c-an 
n  ineinlH.'r  having  vagne  ideas  in  n-gjird  to  lKirleyM»rns  in  general,  and 
their  exaet  size  in  partimlar,  though  I  iinagin^il  I  knew  exactly  what 
<'()nstitnt«Hl  an  inch.  Later  in  life  I  began  lo  doubt  my  knowh'<lge  in 
ihis  ie>p.ct,  having  li:id  considenible  «litriculty  in  rwHUieiling  the 
dilVereiices  Ix'tweeu  two  sejiarate  inches  not  exactly  alike,  one  or  l>oth 
evidently  not  3^,  part  of  a  standard  yanl. 

1 1  iii.iy  be  of  interest  to  glanc«'  over  the  history  of  the  gradual 
development  of  the  modern  science  of  minute  nuiisurement  ;  to  notii-e 
how  such  cru(K'  standards  as  the  human  ftM»t  or  arm,  an<l  stiindani;* 
calletl  cubit.s,  fathoms,  or  the  foot  made  up  of  "30  Imrleycorns,  ntund 
and  dry,  phuvd  end  to  end,"  in  the  course  of  tinn'  grew  into  the  more 
exact  <letermination-.  of  scientific  reM'arch,  as  shown  in  the  n-sidts  of 
the  lalM»isof  men  like  Kater.  Haily.  Hesx-l,  Slniji^hanks,  Slnukburgli, 
ami  Sir  ( leorge  Airv  in  the  grejit  |>roblem  of  establishing  a  stun«hird 
of  length  from  a  natural  unit.  They  gave  us  so  closely  the  relation  of 
the  length  of  a  |H'ndulum  In-ating  s<'conds  of  time  t«>  the  length  of  a 
yartl,  that  it  was  thought  they  had  deternnnetl,  iH'yond  further  doubt, 
the  means  for  restoring  a  lost  standanl  shouM  it  lj«H)me  neit'ssar}'  to 
do  so  from  any  cjiuse. 

However  g(HHl  the«e  cnide  standanls,  su<>h  jis  a  Iwrlovi-orn,  a  human 
arm  or  foot  may  have  l)cen  for  practical  purjHitjies  at  tlie  time  they  werp 
a«lo|>(ed,  they  n-rtainly  are  in  our  times  n»njpletely  out  of  the  <|Ue>tion 
and  usi'less  for  pnrise  determination>.  As  all  me:>sur«^*  derive*!  fn»m 
them  were  purely  arbitrary,  and  sanetioneil  by  law,  no  ivfertMU^  made 
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to  any  of  these  sources  could  be  presumed  to  restore  a  lost  original 
standard,  even  such  as  a  common  yard-stick,  except  within  a  very 
liberal  margin  of  error,  we  need  not  be  surprised  then  to  find  that 
there  happened  such  wide  ranges  of  value  for  a  foot  as  that  of  the 
Pythic  of  9  J  inches  to  that  of  Geneva  of  19  inches. 

The  adoption  of  an  invariable  unit  as  a  standard  of  length,  while 
seemingly  only  applicable  to  the  refined  methods  of  science,  really 
becomes  a  necessity  in  our  ordinary  workshop  practice,  as  we  shall  see 
later. 

The  arm  of  King  Henry  the  First,  or  the  barleycorn,  though  pos- 
sibly furnishing  a  standard  good  enough  at  that  time,  would  hardly 
satisfy  the  requirements  of  our  modern  mechanics  or  tool  makers,  who 
work  very  often  within  the  limit  of  a  thousandth  of  an  inch,  and  even 
one-tenth  of  this  apparently  minute  quantity,  with  surprising  unconcern 
and  no  less  accuracy. 

To  the  celebrated  philosopher  and  scientist  Huyghens,  is  due  the  honor 
of  having  demonstrated  the  fact,  that  the  times  of  the  vibrations  of 
pendulums  depend  entirely  upon  their  length.  About  the  year  1G70, 
his  inventive  genius  conceived  the  })lan  of  using  this  fact  to  establish 
the  length  of  a  standard  which  should  be  the  unit  for  measures  of 
length.  This  he  divided  into  three  equal  parts,  each  of  about  13 
inches,  calling  this  third  part  the  "horary  foot." 

Picard,  in  1671,  also  proposed  using  the  length  of  a  pendulum  beat- 
ing seconds  of  mean  time,  which  should  be  adopted  as  the  unit  of 
length,  thus  endorsing  the  plan  of  Huyghens.  It  was  Picard  who  first 
measured  the  arc  of  the  meridian  from  Paris  to  Amiens  in  1669, 
deducing  from  it  the  value  of  a  degree  to  be  68*945  miles.  Picard 
was  the  first  to  suggest  that  the  diurnal  revolution  of  the  earth  neces- 
sarily affected  the  times  of  oscillation  of  a  seconds  pendulum,  and  that 
it  ought  to  vibrate  more  rapidly  at  the  poles  than  at  the  equator.  His 
experiments  at  different  latitudes,  however,  failed  to  confirm  this  fact, 
probably  owing  to  the  lack  Qf  sufficiently  accurate  apparatus  for  his 
work,  and  it  was  left  to  Richer,  in  the  same  year,  1671,  to  prove  that 
at  the  equator,  or  4°  56'  north,  where  the  observations  were  made,  the 
difference  of  the  length  of  a  seconds  pendulum  at  that  place,  as  com- 
pared with  the  length  at  Paris,  or  48°  50' north,  was  about  a  line  and 
a  quarter,  or  nearly  one-tenth  of  an  inch. 

Cassini,  in   1718  proposed  a  unit  which  should  be  -^^^-^  part  of  a 
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luinute  of  a  <lc{:rc('  of  a  great  drelo  of  tlie  wirtli,  and  which  would  Ik? 
iitarly  e()iial  to  a  third  jtart  of"(tiir  yanl.* 

M.  (h-  la  0»iidiiiiiiit'.  who  had  iiiea.sjin-<l  a  degree  at  the  equator  in 
l'<  III,  ill  a  Meriutir  r<ad  JH-fon-  the  Aaidemy  of  Seienoe?>  at  I'aris, 
advoc:ite«l  the  use  of  a  |)endiiliun  as  the  unit  of  length,  j)r«»|K^ing  that 
it  should  Ixiat  .seeonds  at  the  <-<juator,  a  pla<v  least  likely  to  ciium- 
prejudice  that  might  follow  from  national  jealousy,  were  the  latitude 
of  any  particular  pla<i;  selected. 

Tallcyniiid,  in  17!M),  propos*^!  to  tiic  Ass^-iiihly  ol'  Knuux-  that  a 
coinmissioii  he  ap|)ointe<l  to  consult  with  a  similar  (•••mini^sion  from 
the  English  (Jovernment,  to  consider  the  subJM-t  of  a  uniform  inter- 
national >ystein  of  metrology.  He  favonnl  the  length  of  a  |M'nduluin 
as  compared  with  the  iniit  obtained  l>y  the  sulxlivision  of  a  quadrant 
of  the  earth's  meridian,  hut  after  a  cjireful  consideration  of  the  three 
|»lans  jnojMwed  :  the  pendulum,  a  quarter  of  the  (npiator,  and  a  quad- 
rant of  tlie  earth's  meri«liaii.  they  conclude<l  to  recommt-nd  the  latter 
iiM-lhod. 

In  1790,  one  year  Ixjfore  the  International  Commission  had  adopteil 
the  ten-millionth  i)art  of  the  quadrant,  :ls  settling  the  qiu^tion  of  a 
natural  unit  for  a  standard  me;isurement  of  length,  and  Infore  any 
stejxs  had  hcen  taken  Wy  them  in  the  matter,  Thomas  Jelferson,  then 
Seeretary  of  State,  in  oU-ilience  to  a  resolution  of  Congress  calling  njton 
the  Secretary  to  propose  a  plan  for  e.stahlishing  a  uniformity  in  the 
currency,  weights,  an<l  measures,  for  tiie  l'nite<l  States,  recommendeil, 
in  his  rejM)rt,  a  divimal  system  of  inetroN)gy,  an<l  that  the  unit  l>e 
derived  from  a  natund  and  invariable  standaril  of  length. 

Jet!erst)n  consiiK'n-^l  that  though  the  glolx."  or  its  great  circles  might 
lie  invariable,  the  means  to  be  employwl  to  obt:iin  an  atvurate  sul>- 
tlivi»ion  of  a  (pnulnuit,  from  previous  trials,  had  shownl  their  unrelia- 
bility, and  promiseil  t»Mt  grejit  a  d<grii'  of  uiuvrtainty  ;  he  al>«)  object*."*! 
to  the  ordinary  form  of  the  (H>ndulum  ;us  "not  without  its  uncvrtain- 
tie>,"  the  length  not  In-ing  po.ssil)le  to  Iw  a*vunitely  <l«termiiu"<l,  ttwing 
to  variations  in  the  chnk-work  mechanism  ami  the  barometric  an*l 
thermometric  variati*»ns.  He  ix-commentlwl  tlie  latitude  of  4o°  aiul  a 
iiuim  tempenituiv  of  the  year  at  that  ItK'zition. 

Instea*I  of  using  the  or*Iinary  |>on<IuIuiu  of  ."iO  inches,  he  a*Iviso<! 
the  use  of  a  secomis  nxl  of  o  f*.vt,  known  as  Ix^Iie's  {lendulum  nnl. 

♦Report  on  Weljrhta  and  Measnrw.  by  Dr.   .Mfn?d  B.  Taylor,  Kighth 
.Vnnunl  Session,  rhurmaeeutioal  As»»<>*latl«»n,  Ikwton,  SoptemlHT  15,  185l». 
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This  was  a  simple  straight  bar,  without  a  disc  or  bob,  suspended  at 
one  end,  and  free  to  swing  at  that  point,  its  centre  of  oscillation  being 
at  a  distance  of  two-thirds  of  its  length  from  the  point  of  suspension. 
It  would  be  one-half  longer  than  the  ordinary  loaded  pendulum. 

A  rod  of  this  kind,  vibrating  seconds,  is  58*72  inches  long. 

He  proposed  that  this  rod  be  made  of  iron,  of  such  a  length  that  at 
the  level  of  the  sea,  at  a  latitude  of  45°,  and  with  a  constant  tempera- 
ture, it  should  beat  seconds  of  mean  time;  its  length,  given  exactly, 
would  be  58-72368  inches. 

Jefferson  then  proposed  dividing  this  length  into  5  equal  parts,  call- 
ing each  part  a  foot,  which  would  give  11*7449  inches  as  the  length  of 
the  new  foot.  He  then  divided  the  foot  into  10  equal  parts,  affording 
a  decimal  subdivision  to  correspond  with  the  decimal  character  of  the 
-coinage  of  the  country. 

The  French  Commission,  after  carefully  determining  the  length  of 
a  quadrant  of  the  earth's  meridian,  and  dividing  it  into  10  million 
equal  parts,  presented  science  and  the  world  with  the  meter  as  a  uni- 
versal standard  to  which  posterity  might  ever  afterward  refer. 

Its  length,  as  they  computed  it,  is  very  nearly  the  length  of  the 
seconds  pendulum,  or  39*370788  inches,  or  a  little  more  than  3  inches 
longer  than  the  yard. 

This  meter,  which  is  an  end  measure  standard,  was  made  of  a  pure 
alloy  of  platinum  and  iridium,  90  parts  of  the  former  to  10  of  the 
latter.  It  is  called  the  "  Metre  des  Archives,"  and  is  kept  in  the  build- 
ings of  the  International  Bureau,  at  Breteuil,  between  Paris  and  Ver- 
sailles. 

Having  thus  briefly  touched  upon  the  history  of  individual  and 
national  efforts  to  secure  a  unit  for  a  standard  of  length,  covering  a 
period  of  about  200  years  preceding  the  legal  adoption  of  our  standard 
yard,  it  may  be  interesting  to  know  that  just  500  years  after  the  sta- 
tute of  17th  Edward  II,  A.  D.  1324,  which  enacted  that  "three 
barleycorns,  round  and  dry,"  make  an  inch,  and  12  inches  make  one 
foot,"  it  was,  by  act  of  5th,  George  IV,  Cap.  74  (1824),  that  a  legal 
•definition  of  the  yard  was  made,  and  by  it  was  declared  that  the  yard- 
bar,  made  by  Bird  in  1760,  should  be  the  standard  beyond  any  ques- 
tion or  doubt.* 


*  This  Act  was  introduced  into  the  House  of  Commons  in  1822,  but  failed 
to  pass  the  House  of  Lords.    It  was  again  inti-oduced,  with  modifications, 
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It  may  Ijo  in  placo  to  quote  Iutc  an  aljstract  of  the  Act  <»f  June  17, 
1824,  legalizing  tlii»  st;in<iaril,  an<l  which  rea»l-  an  lollowo: 

Section  I.   Be  it  enacts  I that   from    aiul   after   the  first   <  lav  of 

May,  one  thousand  eight  hundnti  an<l  twenty-five,  th«'  Straiglit  Line 
or  Di.itance  Ijetween  the  ('entrej<  of  the  Two  I^»int^  in  the  (loM  Studs 
ill  the  Straight  Hrass  liotl,  now  in  the  ("u>t«Mly  of  the  Clerk  of  the 
House  of  Comnion.H,  when-^m  tin-  Words  anil  Figures  ''Standanl  Yanl 
I  too"  are  engiavcil,  shall  In-  aii<l  the  same  is  henhy  de^-lanij  to  l>e 
tlie  Kxteiisioii  (■:ilK'«l  a  ^'a^^l ;  and  that  the  sum-  Straight  Lineor  I)i'*- 
t'lnce  iK'tween  the  Centers  of  the  sjiid  Two  Point.-*  in  the  sjiid  (Jold 
Studs  in  the  suid  Hntss  U«h1,  the  iintss  l>iMng  at  the  tem|Mnitiin-  of 
Sixty-two  Degrees  liy  Fahreidieit's  Thermcuueter,  »li:ill  1m  anl  I- 
hereby  dcnominate<I  the  "  Im{K>rial  Standanl  Yanl." 

Sl-xrn<»N  III.  .Vn«l  whereas  it  is  expe<Iient  that  the  Miid  StatidanI 
^  ard,  if  lost,  destn»yed,  deface<l,  or  otherwise  injunxl,  should  lie 
restoreil  to  the  .same  Length  hy  refereiKx-  to  some  invariahle  natural 
Standard;  And  wherwis  it  Iuls  In-en  asivrtain^l  hy  the  C«>nimi>si<>ners 
a|i[Miinted  hy  His  Majesty  to  in(|uir»-  into  the  sultji^-t  of  Weights  and 
MejisuH's,  that  the  Yanl  herehv  deelan'tl  to  Ih-  the  ImjM-rial  Staiuhinl 
\  anl,  when  etdiiiKinil  with  a  Pendulum  vihniting  Seornds  of  Mean 
Time  ill  the  latitude  <»f  I>ondon  in  a  Vacuum  at  the  I>evel  of  the 
Stai,  is  in  the  projMirtion  of  Thirty-six  In<he>  t<»  Thirty-nine  In<-heft 
and  one  thousan«I  thn-e  hundreil  and  ninety-thnn-  ten  tht*u.siuidth 
Parts  of  an  Inch  ;  IJe  it  therefore  enacteil  and  d«vlare<l,  That  if  at  any 
Time  hereafter  the  said  Im{H>rial  Standanl  Yanl  shall  \w  Vt*X  or  shall 
Ik-  in  any  Manner  dtstrovtHl,  det'ac«><l.  or  otherwise  injunti,  it  shall  and 
may  U-  n'sttjntl  hy  making  a  n»w  Standanl  Yanl,  U-jiring  tlie  ^jime 
proportion  to  such  Pendulum  as  afon'siitl.  as  the  Niid  lm[H.>rial 
Standard  Yard  liears  to  such  Pendulum. 

.lust  10  years  af\erwanl,  (>«t.  Hi,  1H34,  otvum\l  the  mlamity  for 
\vlii«h  the  carefully  wonled  text  of  Stvtion  III  was  intendi-«l  to  pn>- 
vide;  a  contingency  (vrtaiiilv   most  wis<.>ly  ciui-idennl.      This  >\:u*   the 


in   \S'2X\,  but  WHS  not  ptiH,Htil  until  June  17,  1^1*4,  to  ^)  in(->  i-tr<>«-t  iu>  Mntetl. 
Mny  1,  lS'.i">.     This  wjcs  however  i>«wt|M>ntsI  t<>  January  I.  IsJ'i. 

["  Welnhis  ami  M»>iisuns«."  Iiy  Prof.  K.  .\.  I*.  IUirnar<l.  J"lm-<'irH  New 
('yi"lo|>i»Mll»,  |>.  17;<7,  .Vppentllx.  S«-.  . •»!•...  I"ii,\  l..i>,i-,|i;4  Ilnliaiii.  :4  ■«tti  IMi- 
tlon,  Vol.  xxl.,  pp.  808  ami  807.) 
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destruction  of  the  Standard  Yard  by  fire,  when  both  houses  of  Par- 
liament were  burned. 

The  bar  was  recovered,  but  in  a  damaged  condition,  and  all  hopes 
of  restoring  its  usefulness  were  abandoned,  when  it  was  found  that 
one  of  the  gold  phigs  had  been  melted  out.  The  provisions  of  the 
Act  now  came  into  service,  in  order  to  reproduce  the  lost  Standard, 
and  it  became  necessary  to  decide  whether  it  could  be  restored  by  the 
use  of  the  method  so  carefully  prescribed. 

It  had  been  proved  conclusively  since  the  passage  of  the  Act  that 
there  were  errors  in  the  determination  of  the  specific  gravity  of  tlie 
pendulum  employed ;  the  reduction  to  the  sea-level  had  been  shown 
by  Dr.  Young  to  have  been  doubtful,  the  reduction  for  the  weight  of 
air  was  also  proved  erroneous,  and  Kater  shoAved  that  sensible  erroi's 
had  been  introduced  in  comparing  the  length  of  the  pendulum  with 
Shuckburgh's  scale,  this  bar  having  been  compared  with  Bird's 
"Standard,  1760,"  and  found  to  agree  closely. 

Shuckburgh's  scale  was  marked  (0  —  36'°),  and  was  made  by 
Troughtou,  in  1798,  and  had  been  compared  with  the  pendulum  and 
with  the  meter.  It  may  be  interesting  to  know,  that  as  previous  to 
Shuckburgh,  all  transfers  of  the  yard  were  made  by  the  use  of  beam 
compasses,  and  comparisons  were  also  made  in  the  same  way. 

It  was  not  until  1798  that  optical  instruments  were  used  for  this 
purpose,  and  Troughton  must  be  credited  with  having  introduced  this 
wonderfully  improved  manner  of  dealing  with  minute  measurements, 
and  which  afterward,  no  doubt,  led  to  the  discovery  of  the  errors 
found  to  have  crept  in  when  the  relation  of  the  yard  to  the  length  of 
the  pendulum  was  established. 

All  attempts,  therefore,  to  use  the  pendulum  for  the  purpose  of 
reproducing  the  lost  standard  were  abandoned.  The  next  step  was  to 
approximate  this  result  by  the  use  of  standards  then  in  existence, 
which  had  been  compared  with  the  original  yard. 

The  bars  used  for  this  purpose  were : 

(a)  Shuckburgh's  Scale  (0  —  36'°-). 

(6)  Shuckburgh's  Scale,  with  Ivater's  authority. 

(c)  The  Yard  of  the  Royal  Society,  constructed  by  Kater. 

(d)  Two  Iron  Bars,  marked  A^  and  A.2,  belonging  to  the  Ordnance 
Department,  and  kept  in  the  Office  of  the  Trigonometrical  Survey. 

To  Sir  Francis  Baily  was  intrusted  the  work  of  the  restoration  of 
the  yard.    His  death  occurred  in  1844,  before  the  work  was  completed. 
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JI*.'  IukI   iImii  only  ioinplcttil  the  pr«)vi>iiiiiul  or  |»n'liiniii:iry  iuvosti- 
^utioiis  necttiKury  for  thin  iwt^t  iiii|>«)rtaiit  liiKicrtakiii);. 

He  liinl,  liowfViT,  made  a  ^n-sit  many  «*x|»»'rimeiit-  U*  «l«  t<  rmiin  the 
jiroiK-r  mattrial  fiir  the  ih'W  Mtaii<hinl,  ainl  fnially  tlwitleil  U|»<in  the 
all«»v  of  which  iJronze  No.  1  waw  afterwanl?*  luaile.  It  in  still  known 
a-^  Haily's  metal.      Its  com|M>^ition  in  cu|>|M'r  Ki,  tin  '2\,  and  zinc  I. 

The  work  was  now  entniHte<l  to  the  litv.  U.  Shif|>«hank*«.  He  «"»in- 
htrm{e<l  fir-t,  a  l>rjLH>  har  an  a  "  working;  ^tan«hlr^l."  Thi**  Isir  wjf> 
c<»m|)are<l  with  all  the  >tan(lanl.s  CHjusicIen-tl  hy  him  nowj^nn*  for  the 
|inr|K>?.«-,  an<l  whi<'h  were  tliox-  ju.st  ntentioM<-<l.  Taking  tin*  avi-nii:** 
of  all  the  valn<><  of  (juh  ilh  eom|iar»-<l  with  tin-  Imi—  Uir  No.  2.  a*  the 
working  st^miianl  was  cl<'si^natMl,  an<l  n*<lucin^  to  an  a>^umcil  value 
of  the  original  stantlanl  yanl,  Im'  foiin<l  a-  tin*  niation  of  th*-  im-w  yani, 
hrass  Imr  2  --  .iJJiMXCJ."*  incht-*  of  the  lost  Im|N>rial  ^Uln(lanl,  takm  at 
<)*J^  K.  The  hniKx  tuhular  scale  of  the  A.^tronomienl  Soeicty  <li«l  not 
a|»|M-.ir  in  the  list  of  harn  n^-fl  a.s  n-frremt-i  (mm*  Phil.  Tnin«.  1H.")7,  p. 
«)'I1),  an«l  the  statement  that  this  was  the  |>rin<'i|Kil  authority  for  tin- 
new  standard  is  thrnfon'  ineormt. 

Hronze  10,  as  the  mw  yard  was  «lesignate<l,  or  now  known  n.s  No.  1. 
wits  graduate*!  aceonlitjg  to  this  valuf,  in  ti-rms  <»f  the  lost  Im|Mrial 
standard,  fouml  fn»m  tin-  •■'•uipariHin  of  iIusm-  five  standanlo,  and  is 
made,  as  just  statt^l,  of  Rjiily's  njetal,  the  dimen^ioas  are:  length 
.'{.H  inches,  dfpth  I  iinh,  width  I  inch.  Tin-  gr.uluation-  an-  u|>«»n  gold 
plugs  inscrteil  in  well-  of  such  a  depth  a-  to  hriug  the  |Mili>hc<l  -urfact- 
of  the  plug?<  at  a  di^itantv  from  the  top,  one  half  the  depth  of  the 
l»ar,  the  plug><  Ixing  'M  in«'hej*  apjirt. 

The  Iku"  which  is  now  In'fore  you  i>  a  copy  in  everk  rtrsjH-.  i.  .  \.-|.i 
that  it  has  the  suUlivision  of  f«i't  U-sitK*?* ;  Imt  we  have  the  s;une 
material,  the  .siuue  dimensions,  ami  the  Mime  (Condition:*  in  the  gradua- 
tions, while  nu>rc  than  all,  the  distance  iM-tween  the  two  !  '  ^ 
a-- com  pa  nil  with  Hron/.e  N".  1.  \:irif<  !■--  than  on<  I 
andth  of  jui  inch  at  •12'  1 

This  Imr  was  constructttl  l.y  I'lol.  \\  .  ,\.  iCo^ju^,  ot  llar\an!  Col- 
lege Observatory,  C'amhridgi',  for  the  IVatt  tV  Whitney  C'om)t;uiv  of 
llartfonl,  Cunn.,  for  their  u»e  as  a  finnl  referenci*  ^inndard.  It  \\a» 
Ikvu  comparol  dini'tly  with  Hronze  II.  at  the  oft'xv  of  the  (V«ast 
Survey,  hy  Prof.  .1.  K.  Ililg^inl  and  Prt>f.  K'tger^*,  and  allowing  •  - 
the  known  relation  U'tw»'»'n  lin>n/e  11  and  Hn»n/.e  No.  l,il^valll 
found  to  Ih>  within  this  minute  limit,  in  terni!>  of  the  Iin|HTial  Yarti. 

The  rcAsou  a!i»igne<l  for  placing  the  lines  at  the  «Yntr»«  of  the  »lepth 
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of  the  bar,  was  that  errors  arising  i'romfJexure  were  liable  to  occur; 
that  is,  by  the  bending  of  the  bar,  the  distance  between  the  lines 
becoming  less.  Having  the  graduations  at  the  centre  was  thought 
would  neutralize  this  effect.  We  all  know  that  if  a  beam  is  supported 
at  the  ends  and  loaded  in  the  middle,  the  beam  is  compressed  at  the 
top,  and  stretched  or  extended  at  the  bottom,  and  if  we  were  to  measure 
between  finely  drawn  lines,  before  and  after  the  load  was  applied,  we 
would  find  that  the  lines  were  nearer  together  when  the  beam  was 
under  strain  than  when  free,  measuring,  of  course,  in  a  straight  line, 
so  it  was  thought  that  having  the  lines  midway  between  the  top  and 
bottom  of  the  standard  bar,  this  error  would  be  reduced. 

Captain  Kater  was  the  first  to  discover  the  variations  due  to  the 
flexure  of  standard  bars  upon  which  graduations  were  traced,  and  he 
first  proposed  a  "  neutral  plane,"  which  would  have  the  effect,  within 
certain  limits,  of  reducing  this  error  to  zero.  He  first  located  this 
plane  in  the  centre  of  the  bar,  as  was  done  in  the  case  of  the  Imperial 
Yard,  but  from  further  investigations  he  concluded  that  it  was  not 
quite  one-third  the  thickness  of  the  bar  below  the  graduated  surface. 

He  found  that  the  errors  from  the  effect  of  flexure  depended  upon 
the  thickness  of  the  bars  compared  with  each  other,  and  when  resting 
upon  a  surface  which  is  not  plane  (Phil.  Trans.  1830).  He  also  found 
that  this  error  far  exceeds  that  which  Mould  arise  from  the  difference 
of  the  length  of  the  arc  and  its  chord  under  the  same  circumstances ; 
so  much  so,  that  in  a  bar  an  inch  thick,  with  the  versed  sine,  that  is 
the  distance  at  the  centre  of  the  bar  from  the  horizontal  plane  joining 
the  two  ends  to  the  curved  surface,  equal  to  one  hundredth  of  an  inch, 
the  sum  of  the  errors  would  be  nearly  one  thousandth  of  an  inch  in 
the  length  of  a  standard  yard.  To  overcome  the  objection  of  a  vari- 
able result  at  every  position  of  a  standard  bar,  the  number  of  supports 
for  it  has  been  carefully  determined,  and  in  the  case  of  the  Imperial 
Bronze  1,  the  number  of  these  supports  is  eight,  and  having  been 
decided  by  Mr.  Baily  to  be  necessary,  this  was  adopted  for  the  national 
standards.     The  distance  between  the  supports  is  about  4i  inches. 

Sir  George  Airy  gave  a  formula  for  determining  the  distance 
between  the  supports  for  any  standard  bar,  in  order  to  neutralize  the 

effect  of  flexure.     It  is 

Length  of  the  bar, 

U-  — 1 

^/ 

"h"  being  the  number  of  supports. 
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In  the  l)ar  we  now  have  before  as,  th*-  conditions  under  whieh  it 
wiLs  transferred,  and  also  when  investijjjat<il,  wa<  when  rotinj;  ujkmi 
Uvo  supjKjrts,  and  u.sinf;  th<'  forninhi  jnst  j^iven,  the  distance  l>etween 
tlieni  is  alM)ut  22  inelies,  the  total  Icngtli  Ixjinjj  .'J8  inches.  You  will 
notice  it  placid  the  supports  a  little  less  than  «»ne  quarter  the  length  <jf 
the  bar  iiie;t<ured  f'rorii  each  end.  Thi^  give>  the  surface  a  certain 
permanence  or  ((luilihriiMn  of  po-itioii  when  noting  Uj>on  any  level  sur- 
face, whether  a  true  j)lane  or  not,  and  if  u.s<^il  thus  under  the  same 
conditions  of  temj)erature,  the  distance  Ixitween  the  detining  lines 
remains  the  same.  If  we  move  the  supports  each  nearer  the  ends,  say 
an  inch  and  a  half,  the  surface  changes  slightly,  and  the  result  is  to 
bring  the  lines  at  the  end  nearer  together,  as  we  have  mentioned 
l)efore. 

According  to  the  Report  of  I'rot'.  .1.  K.  Ililg-ard,  Chief  U.S.  ('oast 
and  (JecKletic  Survey,  in  charge  of  \'eritic:ition  of  Standanls.  in  1H77, 
lironze  No,  1  is  kept  at  a  very  uniform  tem|Mrature  within  the 
walls  of  the  Houses  of  ^'arliament,  while  Hronze  No.  »!,  which  is  the 
accessible  national  stamlard,  is  |»rescrve<l  in  the  Strong  Room  of  the 
Old  Treiisury,  now  No.  7,  Old  I'alace  Yanl.  There  is  not  now  any 
perceptible  dillerence  between  the.s<'  two  Standards. 

TIm'  Imperial  Yard  is  in  chai*ge  of  I)r.  ( 'h:iney,  hi-  onici:»l  position 
being  Warden  of  the  Standanls. 

In  order  to  se<'ure,  as  far  as  possible,  accurat*-  duplicates  of  the  new 
standard,  four  I'arliamr'ntarv  copies  were  eonstructe<l,  one  <»f  which  is 
kept  in  the  Roy:d  Mint,  one  is  in  charge  of  the  I\oyal  S<H-iety,  one  is 
pre.serveil  in  the  new  Wt'stminstcr  l*ala(v,  ;ind  thr  <.thir  i~  Ivijit  at  tin- 
Royal  Observatory  at  Greenwich. 

There  were  also  40  copies  made  of  HailyV  nu-tal  lor  di>«tributi«»ii 
among  the  ditlerent  governments,  only  tw<»  of  these  4(>  bars  are  e.\a<'tly 
stamhird  at  <>2°F..  these  are,  liron/**  1J>,  and  Hron/.e  2H.  lioth  are 
kept  at  the  Royal  Observatory  for  reteren*'*',  as  r»'pres4'nting  the 
national  standanls.  ,V11  the  other  ctpit.-  have  a  certain  relation  to 
Hron/e  l.and  instca<l  of  giving  this  relation,  the  tem)xr;iturf  at  which 
they  are  standanl  is  cstablishe<l  for  each. 

The  standards  prepartnl  by  Mr.  Sheep>hal«ks  were  l«g:ili/.iHl  bv  Act 
of  Parliament.  .lune  ."{(»,  \S'}'t,  and  in  ls."»«;  Hronze  11,  one  (»f  the 
40  copies  made  of  liaily's  metal,  was  prts<'nt««il  to  the  Unite<l  .States 
(^overmnent  by  the  British  l^>ard  of  Tr.ide,  and  was  standanl  at 
<)17}>  degrees  Fahnniheit.     Tiiis  l):ir  is  de|M)sitiHl   in   the  otli«v  of  thr 

WnoLK  No.  \'ov.  CXVI[.— (Third  SKRit>,  Vol.  Ixn%ii.)  IH 
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United  States  Coast  Survey  at  Washington.  It  has  since  been  found 
that  Bronze  No.  11  is  sliorter  by  0-000088  of  an  inch  at  62''F.  from 
comparisons  made  by  Prof.  J.  E.  Hilgard,  in  charge  of  the  Bureau  of 
Weights  and  Measures,  United  States  Coast  Survey,  who,  in  1878, 
compared  it  directly  witli  the  Imperial  Yard  at  the  British  Standard 
Office  in  London,  and  consequently,  to  be  standard,  must  be  considered 
so  at  62*25  degrees  Fahrenheit. 

Previous  to  1856,  the  distance  between  the  27tli  and  63d  line  of  the 
brass  scale  made  by  Troughton,  was  taken  as  standard,  though  never 
having  been  legalized  by  Act  of  Congress,  it  had  an  indirect  authority, 
as  it  was  adopted  by  the  Treasury  Department,  and  copies  of  it  were 
made  for  distribution  auiong  the  diiferent  States  under  the  charge  of 
Mr.  Joseph  Saxton. 

The  fact  is  noticeable  that  all  the  copies  of  the  Imperial  Yard  are 
made  of  the  same  material  as  that  of  the  original  Bronze  1.  This 
is  no  doubt  owing  to  the  greater  uniformity  in  the  coefficient  of 
expansion  for  each  standard  bar,  admitting  of  comj^arisons  at  any 
temperature.  This  would  not  be  possible,  except  for  bars  of  other 
metals  whose  coefficient  or  rate  of  change  for  each  degree  of  tempera- 
ture was  definitely  known,  and  this  would  make  it  an  exceedingly  nice 
operation. 

To  illustrate  this  in  a  few  words.  If  a  steel  bar  or  a  platinum 
standard  be  compared  with  one  made  of  brass  or  Baily's  metal,  and 
each  were  standard  only  at  62°,  if  we  should  compare  them  at  72° 
we  would  find  them  not  alike  in  length,  because  brass  expands  more 
for  each  degree  of  rise  of  temperature  than  does  the  steel  or  the  plati- 
num ;  the  difference  would  be  greater  in  the  comparison  of  platinum 
with  the  brass  standard,  as  steel  and  bra.ss  have  a  coefficient  more 
nearly  alike. 

Let  us  now  briefly  refer  to  what  has  been  done  to  fix  permanently 
the  metric  standard  of  length.  The  metric  system  is  represented  in 
Great  Britain  by  two  bars  made  of  platinum,  one  being  a  line  measure, 
and  the  other  an  end  measure  standard. 

These  bars  are  of  the  following  dimensions: 

r  Length       41-000  inches. 

Line  Metre <^  Breadth        I'OOO       " 

(Thickness    0-211       " 
r  Length       39-37+    " 

End  meter -   Breadth        1  -000      " 

(Thickness    0-287      " 
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The  (IcHiiiiij;  lines  iitjarly  traverse  tlie  face  f»f  the  Ijar  for  the  line 
meter,  ami  arrow-,  arl)itrarily  plare*!,  indir-iitc  the  fXHitiun  mi  the  lines 
when  rneasiinMuenUi  are  to  Ix-  niatle. 

The  line  meter  han  the  \v«irfl.H  "  H^ival  SM-iety,  15"  engraveti  on  the 
under  si(h'.  The  end  meter,  l>ein^  made  of  w)  soft  a  mat«'rial  a-  phiti- 
niini,  is  at  present  not  in  a  e(»n<lition  Ut  use  as  a  .-tandard  for  verv 
aeenrute  work,  tht-  <  dj:e-  of  tin-  end  >nrfaee  Ijcing  indente<l  and  other 
ftij^ns  of  change  in  the  >nrfa<e  Iwin^  visihle.  The  en<l  meter  hit-  the 
words, ''Metre  i\  Bouts  "  en^nivj-il  on  one  side,  and  "  Kortin  ^  I'arid, 
Royal  S<H;iety,  44,"  on  the  other.  Thes<'  liars,  t«»petlier  with  the 
original  stJindard  j)re|>ared  hy  Ha.ssier  in  1M32,  are  the  only  reeognizeil 
standards  which  have  l>een  compare^l  dinttly  with  the  "  Meter  of  the 
Archives,"  as  the  French  standard  is  call«-d. 

The  Meter  «)f  the  Archiv<v  is  also  made  of  platinum,  the  dimensions 
iM-in^  al)oiit  the  same  a-  the  mt-tric  standard  in  I^tndon,  and  this  Itar 
was  made  a  le^ili/e<l  standard  after  all  attempts  to  make  it  conform  to 
a  natund  unit  were  abandone*!.  It  is  standani  only  at  0°  Centijfrade, 
or  '.Vl°  Fahrenheit.  Thus  we  see,  that  atU'r  all,  the  actual  u«^e  of  a 
natural  unit  for  creating  an<l  re|)t<Mluein^  a  standard  of  li>n^th  was 
not  realizj'd  ;  and  standards,  mad«'  standard  hy  law,  were  n-.dlv  the 
Anal  result. 

It  has  Ix'cn  sjiid  that  "a  mystery  i-  a  tniih  hid  lnhind  -ome  otjier 
truth,  and  ahout  which  the  latter  throws  a  veil,"  and  it  wouM  sct-m  as 
if  this  definition  mi^ht  apply  to  the  great  difficulties  met  with  in  the 
attcmpt>  to  ohtain  a  .-.tandard  of  N-ti'^'th  from  natund  laws,  and  natund 
conditions,  usin;;  the  ^rand  truih>  which  are  known  and  aotpt«xl,  l»ut 
which  seems  to  throw  just  enough  untvrtainfy  around  the  truth  sought, 
as  to  make  the  results  doubtful  for  the  pur|H»se>  f«»r  which  they  arv 
intended.  Truth  is  cxtict'nuj,  it  allows  for  no  "  ern>rsof  olis(>rvation  " 
or  of  "  {H>r8<»nal  e«{uation,"  and  in  no  other  kind  of  investigation  does 
this  requirement  seem  more  ditVicult  to  lie  fulHIletl.  as  .-io  manv  **  varia- 
bh-s  "—to  use  a  mathematical  term— enter  into  the  problt>m  ;  variations 
of  tem|H'rature,  internal  .-.tniin,  «lue  to  position  of  the  luir;  ermrs  of 
onrvatnre,  erit»rs  of  ol>servation  in  iLsing  optical  instniments;  «iifler- 
ences  in  material  or  c»f  density,  thus  atVei-tiug  the  nite  of  ex|t:insion  or 
contniction,  and  a  Mttn-  of  other  variabU's,  all  tending  t«»  make  the 
problen)  a  <*omplieateil  one.  We  cannot  fail  to  reali/c — at  le:i>t  par- 
tially— the  wonilerfid  skill  and  patitMuv  utxt-ssjiry  to  conduct  the  experi- 
ments whi«h  gave  us,  :is  Fnglish  sfN'siking  |HH>ple,  the  Standani  ImiH-rial 
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Yard,  and  which  50  years  ago  were  engaging  the  attention  of  some 
of  the  greatest  minds  the  world  has  ever  known. 

There  is  still  another  natnral  unit  that  has  been  proposed  as  a  stand- 
and  of  length.  This  is  the  length  of  a  wave  of  monochromatic  or 
single  color  light. 

We  have  all  seen  the  beautiful  colors  so  wonderfully  arranged  in 
the  thin  film  of  a  soap  bubble.  These  colors  are  caused  by  what  is 
termed  "  interference."  To  briefly  explain  this  kind  of  interference, 
Ave  should  know  that  light  is  made  up  of  seven  distinct  colored  rays, 
which  blended  together  produce  clear  white  light.  Each  of  these 
separate  rays  of  color  has  an  undalatory  or  wave  motion  through 
space,  and  the  length  of  a  "wave,  or  the  distance  from  the  crest  of  one 
wave  to  the  top  of  the  next,  is  different  for  each  as  compared  with 
unlike  color,  but  constant  for  its  own  ;  that  of  the  green  ray,  for 
instance,  being  computed  as  being  about  -577,^-g-o  of  ^^  hich  from  crest 

to  crest. 

When  light  is  reflected  from  the  two  surfaces  of  the  thin  film  of  a 
soap  bubble  to  the  eye,  a  portion  of  it  must  evidently  travel  a  distance 
twice  the  thickness  of  the  thin  film  of  the  bubble,  as  part  is  reflected 
from  the  outer  and  part  from  the  inner  surface  of  the  film.  The  par- 
ticular rav  which  must  thus  travel  farther,  loses  a  half  of  a  wave  length 
in  the  reflection,  so  that  when  these  two  portions  of  the  reflected  light 
come  into  the  same  path  again,  there  is  more  or  less  interference,  and 
if  the  retardation  has  been  such  that  the  wave  crest  of  one  falls  into 
the  trough  of-  the  other,  they  completely  neutralize  each  other,  and  the 
corresponding  color  rays  are  destroyed.  Without  attempting  the 
mathematical  discussion  of  this  subject,  we  know  that  when  this  rela- 
tion happens  more  or  less  coincident,  the  rays  are  either  deadened  or 
are  so  blended  that  they  form  the  beautiful  rings  or  bands  so  often 
noticed.  As  the  film  of  the  bubble  changes  in  thickness,  these  colors 
are  rearranged,  as  different  sets  of  color  rays  or  waves  are  deadened  and 
as  different  colors  disappear  from  the  reflected  light. 

This  unit,  no  doubt,  could  be  relied  upon  to  produce  a  standard 
within  certain  small  limits,  but  the  addition  or  multiplication  of  such 
minute  units  for  the  purpose  of  obtaining  a  practical  standard  of  length 
mio-ht  introduce  errors  in  the  total  greater  than  would  be  likely  to 
result  from  either  of  the  methods  already  mentioned. 

The  use  made  of  this  unit  seems  to  confirm  the  theories  in  regard  to 
the  limit  of  divisibility  of  matter,  and  these  same  soap  bubbles  which 
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are  siicli  a  delight  to  <liiUlreii — !in«l  we  inijrhl  iinlinlcjinme  of  tlieoKler 
|M.'oj)|(!  too — have  shown  a  way  iti  whi«-h  to  «-.tiiiiat«',  in  a  |Mirely  <**''u'\\- 
titie  manner,  the  dimensions,  approximately,  of  a  molecule,  a  form  of 
matter  ho  minute  that  the  smallest  ohjtvt  visihle  umlcr  a  |>»werful 
micro«<?o|)e  iH  made  up  of  eountlexs  ntimUTs  of  them. 

It  h.is  lK?en  demonstiati'd  that  the  nH-f-haniejil  energy  ri-«piire«l  to 
pull  apart  the  moh'<ule>  of  water  in  furminj;  sti'um,  '\a  no  jjnater, 
ac(X)rdin)^  to  the  theory  of  ejipillarj'  action,  than  in  re<|uire«l  to  redur-e 
the  thi«'I<ne>s  of  a  film  of  water  to  the  Tjao.OoO.oiyo  "'  ""  '"<'';  "  fon-e 
quite  lar^e  when  companil  with  the  small  amount  of  wat«r  which  we 
are  ciinsidcring.  The  measurement  of  thi.s  minute  thickneiM  is  l>ai<ed 
ti|M)n  the  varyinj^  colors,  u.sin^  the  length  of  any  ^jiven  wave,  I*rol«a- 
hly  lieforc!  this  extreme  teiuiity  could  lie  attaine<i,  there  would  remain 
only  a  .single  layer  of  mohfules  held  together  hy  their  mutual  attrac- 
tion, giving  a-s  the  cstimattHJ  average  diameter  of  a  molecule  the 
500  o<nj  tirto  '»*'"•  in<h,  a  dimension  so  infinitely  minute  jls  to  In-  quite 
beyond  our  ability  to  realize. 

Sir  William  Thom.s<jn,  fronj  a  comparison  of  these  phenomena,  has 
estimat^Hl  the  limits  or  range  of  size  of  these  minute  molecules  to  be 
iM'tween  j.Trt.rtfiff.onfi  »«»l  •;.ffOff.if.nT..nriy  "**»»  inch,  ami  in  onier  to  give 
some  ccmi-eption  of  the  "coarsi'-grainedness,"  as  h"  cjdls  it,  tlnw  indi- 
<«tetl,  he  has  s:»i(l,  ''  that  if  we  con<vive  a  sphere  of  water  as  large  as  a 
jK^a,  tnagiiifi«Hl  to  the  siw  of  the  I'jirtii,  cjidi  m<»lecule  U-ing  magnifntl 
in  the  s;ime  pri)|»ortion,  the  magnitieil  structure  woidd  U-  «i»ar-*'r 
gniine<l  than  a  h«i|)  of  small  lea<l  shot,  but  less  coarse  grained  than  a 
heap  of  cri<'ket  balls." 

We  am  thus  fiintly  begin  to  gnu-p  the  i«leu  uf  the  infinite  divisi- 
bility of  matter,  ami  the  science  of  exact  measurement  of  length  \\\\\*\ 
stop  far  short  of  this  limit,  a<  it  tlot^  far  short  of  the  limit  of  infinite 
extension. 

We  have  now  seiii  how  diflicult  has  Ufu  the  work  of  obtaining  a 
standanl  for  final  n-ference,  and  as  it  must  ••ertainly  be  supp^m-*!  to 
n-main  an  invariable  or  fixini  length  afler  having  lH"«'n  onci'e>tablish«tl. 
irre-at  c:ire  must  U'  taken  to  pnxTve  t|ji>  standaril  t*n>in  itiiur\ .  .-.uimiI 
either  by  wear  or  oxidi/.:ition,  or  change  of  form. 

The  material>  available  for  standanis  of  length,  taken  in  the  onler 
of  their  rate  ot"  expansion  under  the  same  couilition-  of  tenijienitun*, 
are  wo<kI,  glasn,  platinum,  gohl,  silver,  imn,  brass  and  c»)p|ier.  W«»oii 
may  W  rejectetl  at  on«v  for  otir  purjH*>H\  though  it  does  ven»-  well   for 
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yard-sticks  and  pocket-rules  for  everyday  use.  Glass  has  been,  and  is 
now,  used  in  certain  cases,  though  its  great  brittleness  makes  its  use 
restricted  and  the  changes  going  on  within  its  structure  are  now  the 
subject  of  rigid  investigation,  requiring  time  to  prove  its  value  as  a 
material  for  standards. 

Platinum,  alloyed  with  about  10  per  cent,  of  iridium,  is  used  for  the 
Meter  of  the  Archives,  and  also  for  the  bars  representing  the  line  and 
end  meter  standards  in  Great  Britain,  to  which  reference  has  already 
been  made. 

Gold  and  silver  may  be  said  to  be  excluded  for  various  reasons,  that 
of  cost  in  the  case  of  gold,  and  its  extreme  softness,  and  silver,  because 
of  its  great  affinity  for  sulphur,  which  is  always  present  in  the  atmos- 
phere of  cities,  forming  the  dark  sulphide  that  would  soon  ruin  it  for  use 
as  a  standard.  There  is,  however,  a  silver  centimeter  scale,  ruled  by 
Brunner,  of  Paris,  subdivided  into  100  parts,  in  the  office  of  the  Coast 
Survey  at  AVashington. 

Iron  bars  were  used  by  the  French  Commission,  four  standards 
being  made  of  this  material,  with  polished  ends.  From  one  of  them 
was  constructed  the  platinum  Meter  of  the  Archives.  One  of  these 
bars,  the  only  one  known  to  be  in  existence,  bearing  the  stamp  of  the 
Commission,  is  now  in  the  possession  of  the  United  States  Coast  Survey 
at  Washington. 

The  Russian  standard  of  length,  used  for  geodetic  surveys,  was  con- 
structed of  iron,  using  conical  pieces  of  tempered  steel  in  each  end. 
This  bar  has  a  length  of  seven  feet. 

We  have  already  noticed  how  largely  brass,  or  Bailey's  metal  has 
been  used  for  our  standard  yard,  and  for  the  numerous  copies  made  of 
it.  There  remains  only  a  brief  mention  of  standards  made  of  copper. 
M.  Tresca,  Acting  Director  of  the  Conservatory  of  Paris,  constructed  a 
copper  line  meter  of  a  form  which  he  proposed.  This  bar  is  X  shaped, 
very  light  and  strong,  and  has  the  lines  ruled  on  a  plane  midway 
between  the  top  and  bottom  edges. 

The  method  adopted  at  the  Conservatory  in  Paris  for  comparing 
the  platinum  line  meter  bar  with  the  end  "  Metre  des  Archives  "  is 
the  use  of  a  plate  having  the  same  thickness  as  the  meter,  to  which 
is  attached  a  thin  piece  of  platinum  terminating  in  a  sharp  point. 
As  a  statute  law  forbids  contact  of  any  kind  whatever  in  the  use 
of  this  platinum  end  meter,  the  reflection  of  this  sharp  point  upon 
the  surface  of  the  end  of  the  standard  gives  the  means  of  observing 
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tin-  instant  of  coiitiU't  without  c<jijtiict  Uing  actually  ina«le.  It  is 
the  opinon  of"  M.  Tn*s<ii  that  tho  error  i-an  be  in  ihi-  way  ntJinwl 
U-'hnv  1  tnikron  =  •UOl"",  or  alxmt  ^z.hdJi  "^  **"  '"'''.  '"  l'»«"  tniiwfcr 
to  line  measure. 

(To  Jk-  cuncluded.) 


ECONOMY    OF   COMPOUND    P:NGINh;s. 


\\y  William  Dkxnis  Marks, 

Whitney  Profi^wor  of  Dynnmlml  KiiKlneerIng,  I'lilviTiiHy  of  IVnnaylvanU. 
(Conrliideil  from  p«se  48.) 

It  haa  been  shown  that  the  ratio  of  volume  of  the  evlimlers  of  a 
roinpoiind  engine  is  a  function  of  the  ultimate  exfrnnsion  of  the  ste«m 
uiithr  tli»'  ((inditioii";  that  the  jMtwcr  of  the  cylinders  is  «-<iualize«l,  and 
that  no  drop  1m-  jM-rniittcd  in  the  stejirn  pressure  during  its  course 
through  the  engine. 

Table  nf  ration  nf  ci^HndrrH  ami  nf  jtoinls  of  rut-<>p   in  non-romlamng 
ct/limlrr  and  for  ultimatr  rxj^nutinnj*  of  gtraiii. 

Criterion     "^'  ''^'-  ^'  =  W.  2-71  h:{  K 
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It  is  useless  to  carry  this  table  farther.  Enough  has  been  done  to 
show  the  error  of  exaggeration  of  ratio,  into  which  designers  have 
fallen,  when  it  is  necessary  to  equalize  the  power  of  cylinders  and  to 
avoid  an  intermediate  drop  for  the  sake  of  economy. 

Indeed  in  all  engines  it  will  be  found  that  economy  of  steam  as  well 
as  smoothness  of  action,  demand  that  no  sudden  changes  of  pressure 
shall  be  permitted,  and  therefore  it  will  be  found  advantageous  in 
single  cylinder  engines  where  clearance  cannot  be  indefinitely  reduced 
to  use  enough  compression  to  bring  the  back  pressure  up  to  the  initial 
pressure,  and  so  as  not  to  permit  an  explosion  in  the  cylinder  at  the 
beginnino;;  of  each  stroke. 

The  less  the  clearance  the  less  the  compression  required  for  this  pur- 
pose, and  consequently  the  less  the  power  of  the  engine  is  absorbed  in 
fulfilling  this  condition. 

We  see,  therefore,  that  clearance  is  particularly  injurious  where 
vacuums  are  very  perfect,  and  every  means  should  be  used  to  reduce  it. 

On  the  other  hand,  if  convenient,  very  considerable  clearances  may 
be  used  in  non-condensing  engines  provided  it  is  met  by  a  proper 
increase  in  the  size  of  the  cylinders  to  compensate  for  reduction  of 
power  and  a  proper  compression  is  used. 

When  compound  engines  must  be  frequently  started  or  reversed  it 
is  important  that  they  be  so  arranged  as  to  avoid  getting  on  their  cen- 
tres ;  this  does  not  apply  to  pumping  engines,  or  indeed  to  the  majority 
of  stationary  engines,  but  does  apply  with  a  great  deal  of  force  to 
marine  engines. 

Some  designers  have  endeavored  to  obviate  this  difficulty  by  placing 
the  cranks  160  degrees  apart,  thus  enabling  a  very  small  dead  space 
between  the  cylinders  and  obviating  trouble  with  the  engine  on  its 
centre. 

This  case  differs  so  little  from  the  case  already  considered  with  the 
cranks  together,  or  180  degrees  apart,  that  it  requires  but  one  precau- 
tion on  the  part  of  the  designer. 

The  non-condensing  cylinder  should  exhaust  before  the  condensing 
cylinder  takes  steam,  not  after,  as  that  would  cause  a  sudden  rise  in  the 
pressure  of  the  condensing  cylinder  with  the  attendant  loss. 

A  good  deal  of  weight  is  laid  on  equalizing  stresses  by  placing  the 
cranks  90  degrees  apart,  but  as  a  very  large  number  of  engines  of 
the  first  type  have  been  successfully  designed,  there  is  no  reason  to 
believe  it  impossible  in  the  future  to  use  engines  with  cranks  180 
degrees  apart. 
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It  is  (jiiit*-  |)<»— il)l«'  to  jfivi-  -.iitlirieiitly  largv  cW-aniiHv  •♦|>a«'s  in  tin' 
<a»e  of  eiij^iiK's  with  craiikH  at  rijrlit  an^jh-?*  to  fultill  to  a  large  extt-'iit 
tho  fiiijctionH  ot"  a  n^i-J-ivj-r,  l»nt  it  is  nion.'  iMTJiinmiml  to  r«'<liife  the 
<lf:inm<-f?(  of  tli«*  tin-  stcjiiii  ryliiMlrrs  :ls  nuich  as  |H»r»-«il»l«'  aii<l  !<•  |»r«>- 
vi(l«'  a  rcw'iver  of  |>ro|Hr  sizr.  Siiut*  this  will  avoi«l  sudtlfti  cliango} 
it)  |>rt*ssiin'  aiMJ  the  cfHist'fiinMit  los.-. 

Ill  what  follows  we  will  iiegkit  the  variation  of  tin-  i.i-r..ii'-  \»-\- 
tiotis  <lii('  to  the  angular  |MMitioii  of  the  (■onne<'tiiig  rod-. 

A^Muniitig  the  eiigiin-  to   have  obtaiiu**!    it."   n*gular  luoveineiit    we 

will  h:iv.     /',  =  ^^\  (1) 

eji 

(Sec  Joi'UN'AL  FuANKMN  iNsTiTfTK,  January  1884.) 

The  s«'<jneiH'<'  of  exhaust  from  non-<-on<l<ii-ing  cyliiuhT,  ami  "t  cut 
»fl'  of  the  eomlensing  «ylincler,  render*  m-ti-ssiry  the  proeiiit-  ot  a 
ro<x*iver  or  its  e<|iiivalent  when  eninks  are  at  right  angh"?*.  The  exhaust 
from  the  non-e<»nden««ing  cvlindrr  o(viir<  just  a-*  the  piston  of  tin-  «i»ii- 
deiising  eyliiuler  reaeln-s  mid  stn»ke,  and  so  in  onler  to  avoid  a  -utideii 
<'hang»'  of  pre-ssuH'  and  of  the  progn-ss  of  oxpniision  in  the  eoiideiising 
eylindi'r,  it  is  net-essarv  that  its  eiit  off  Ix*  «':irlier  than  one-half  stroke. 

The  size  of  the  re<'<'iver  only  deterniiin'>  the  Huetuation  of  tlu-  pre>- 
8unw  in  it.     The  smaller  the  n'e»iv«M-  the  gn-xiter  tin-  flu<tuations. 

It  is  obvious  from  what  has  aln'a<ly  Imvii  shown  that  at  the  iiLstant 
of  cut  (»fV  of  the  condensing  cvlinder,  the  pn-«v-.ure  in  it  and  al-M*  in 
the  rn-eiver,  as  well  as  the  hack  pn-s.-^un-  in  the  ii<>n-con<len-iii:/  >  vlinder 
e<{uals  /*,. 

At  the  instant  (»f  reaching  the  end  of  the  stnjke  of  the  non-«\»n- 
<lensing  eylindtT  it  voids  into  the   ntvivcr  its  steiini  at  a  pnsfure  f/\. 

If  we  wish  this  event  to  o»vur  with  iw  little  disturl»aiicv  as  |Mie^ible 
we  must  make  the  pressure  at  that  event  e«puil  in  noii-ouidensing 
cylinder  and  nnt-iver. 

The  cranks  Iwing  at  right  angles  have  »vrtain  deHnitc  |Mir<itions  with 
reganl  to  «-!ich  other  at  all  times,  and  the  |)ositioii  of  one  pist«in  being 
iixiHl  that  of  the  other  i'7\\\  Im>  d(>duee«l.      If  tH»w  we  assume  the  cut  ofl' 

r,  of  the  ctnideiising  cylinder  to  U'  it   will   l)e  coiiicitient  with 

the  exhaust  of  the  non-i>ondensing  cylinder,  and  the  equation 

/.  _  'n 
'  ~  '"* 

bccomc8  f,  =         that  ir«  li  =  -,  verv  netirlv. 
'        H  •  • 
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The  exit  from  the  receiver  to  the  condensing  cylinder  being  closed, 
the  piston  of  the  non-condensing  cylinder  now  presses  back  the  steam 
in  that  cylinder  and  the  receiver  until  it  has  reached  half  stroke,  when 
the  pressure  is  a  maximum  P^,  we  can  write  the  following  equation 

eP.  (  T;  +   T;  )  =  P^  (1+ ^  F„  +  T;^  (2) 

In  this  equation  we  can  fix  P^  and  determine  V^  or  vice  versa. 

In  general  we  can  say  that  gj  must  be  somewhat  greater  than  —  in 

R 

order  to  receive  the  exhaust  steam  from  the  non-condensing  cylinder 

without  forcing  it  back. 

If  we  assume  that  the  terminal  pressure   of  the  non-condensing 

cylinder  must  equal  that  in   the  receiver  at  the  moment  of  opening 

Fig.  1. 


communication.     We  can  write  the  following  equation,  in  which  x  = 
the  distance  of  the  non-condensing  piston  : 

P.{^KH-T;}=^A(^T"n+"f^r)  (3) 

We  have  then 

]i  = ? =  r  (4) 

At  the  instant  of  cut  off  a  quantity  of  steam  is  left  in  the  receiver 
and  non-condensing  cylinder  at  a  pressure  P^.  As  the  cut  off  e,  is 
assumed  earlier  than  half-stroke  \ve  can  then  write  the  following  equa- 
tion. 
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I  ^  J 

The  two  indeterminate  quuntitien  in  thin  equation  are  P^  aiid  T',, 
either  of  which  i-an  In-  fixe<l  an<l  th<*  other  «l«-<liu'e<l.  It  will  \>q 
()l)s<,'rve<l  that  tin- (  Icanince  of"  the  (tuulensin^  cyliixler  is  in«lu<Ie<l  an<l 
tfierefore  that  P^  is  the  prettsiire  at  the  instant  the  piston  of  the  c(^n- 
(h'tisin^  cylinder  is  at  the  end  f>f  the  stroke  its  valve  iK'injj  a^SHUiui'd  to 
have  lead  and  a  perfwt  vaeuuni  to  be  obtaine<l. 

Neglecting  the  cleaninccH  in  the  cylinders,  we  have: 


or 


^0) 


/i» 


-1-1=1?-  (r  +  i)  tlierefort 


_  2ePy,  e,R 


I'V 


c,ie       eP^ 

This  can  he  cornpan"*!  with  e<juation  (4)  clearances  neglecte<i  whi«h 
places  the  corulition  of  no  «lrop. 


,  _  '    ^'-V-^  (") 

'^~        l-e,R 

It  will  he  ol)9ervetl  tliat  the  presence  of  a  receiver  iuus  the  effect  of 
re<lucing  the  power  of  the  non-condensing  cylinder  when  P^  is  gnniter 
than  fP^  as  it  always  should  Ik\  The  gniiterthe  size  of  the  re<^iver 
the  less  the  increase  of  P^,  hut  this  increase  of  P^  l^'ing  made  gradually 
and  the  |K)wcr  taken  from  the  non-condensing  cylinder  being  restore*! 
to  the  conden-;ing  cylinder  bv  re:Lson  of  the  increiise<l  pressure  l)efore 
cut  otr  (HX'ui*s  it  woidd  not  seem  detrimental  to  »xt)nomy  to  make 
receivers  as  small  ixs  jx>ssible. 

If  we  iissume  that  at  end  of  stroke  the  pressures  in  non-comlensing 
cylinder  and  receiver  are  the  same,  we  have 

l/ctting  P,  =  heP^  and  (Hpiating  the  values  of  r  from  7  and  8. 
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Let  ^  =  i  (^^1  \     Therefore  h  =  ^A±l 
'  \\—hl  1+2^ 

e,2  IRKA:'  +  1]  _  f^  [1  +  2R  ^RA-]  =  —  A^—A—l 
^2_,  [y-^'iR  +  RA-]__A,  +  A  +  \ 

'  '  R'A"  +   1  i?2^2  + 1 

^  _  1  [l  +  2i^+i^^]      J'[r+  2E  +  i^^J  _  a^ta+1     .^q. 

2]/e, -e,^— 1  (11) 

or  A= — :j ^ ^     >* 

1  —  e^R 

Since  in  this  equation  e^R  must  always  be  greater  than  unity  the 
denominator  must  always  be  a  minus  quantity. 


Letc.  =  -45     ^^  2lA45--2Q25_-l  _  +'994-1  ^.^^3 

1  —  M25  —  -125 

Let  R  =  n 

h  =  :2?i±_2  ^  1.91 

1  +  -096 

•497  -  -500  ^  .^24 


•125 

Again,  let  e^  =  '50,  the  latest  point  at  which  we  can  cut  off. 
.    We  have  r  =  0,  ^  =  0  and  A  =  2. 

We  see  that  the  conditions,  no  drop  and  great  economy  of  steam,  are 
directly  opposed  by  the  demand  for  equality  of  power  in  the  two 
cylinders. 

The  disadvantage  of  these  high  back  pressures  at  mid-stroke  in  the 
non-condensing  cylinder  arises  from  the  diminution  of  its  power. 

The  only  result  of  using  a  very  large  receiver  when  cutting  off 

steam  earlier  than  the  point  —  is   to   prevent    the   pressure   in    the 

R 

receiver  from  rising  much  higher  than  the  terminal  pressure  of  the 

non-condensing  cylinder. 

A  high  back  pressure  at  mid  stroke  of  the  non-condensing  cylinder 
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also  means  a  liigli  initial  pifssun'  of  the  condensing  cylinder,  an<l  con- 
sequently incrcjised  power  in  tlu*  cftndcnsing  cylinder. 

That  is,  a  large  receiver  »)j)erates  to  prevent  di.-proportion  in  the 
power  of  two  cylinders  when  proporti(»ne<l  aw-ording  to  the  criterion 
given  in  the  first  part  of  this  pajxr,  re(juiring,also  that  the  jKjint  ?,  = 

verv  nearly,  l)iit  will  !»<•  fouiid  not  to  Ik.-  so  wxnioniiail  of  stcjira  as  a 
R        ' 

wry  small  receiver  or  none  at  all. 

The  clearances  necessarily  are  reg:iriled  ;is  receiver  spacv. 

It  is  very  ditlii  ult  to  deduce  the  mean  etllt-tive  j>n-8sure  n)Miii  the 
|)iston  hetxl  of  the  condensing  cylinder  anterior  to  the  <'nt-otV. 

If,  however,  we  are  .sitisficd  with  an  approxim;ition  ji.-;  a  guide,  we 
can  assume  \\  =  0  and  no  clearances,  and  write  the  following  expia- 
tion for  the  purpose  of  equalizing  the  power  of  the  two  cylinders  for 
ecpial  strf)kes : 


,R 


el\   [\  -f-  nat.  log.    ^^     -   L'  1\  nat.  l..g.  2  I    = 


y.    {l  P,q+^,  y.nat.  lug.    '    ] 


Nat.  log.  ^'  = 


e,  _e,R-t  2- 


t  <  J 


e  {2e,R) 

(.          I         e^          r.  R  -\-  2-772 
Com.  loir.   J  =    ' ! 

^    e  4'Qe^R 

III  wliirji  wc  have  the  limitations  r,  must  not  Ih>  gn*atcr  than  h  and 
f,  R  must  not  be  hsss  than  unity. 

To  sum  up  the  discussion  : 

With  cranks  at  right  angles,  we  (-.mnot  lut  otl'  later  than  oui'-half 
stroke  it)  the  con<lensing  cylinder  without  a  doiiMc  admis'^ion  u>  it.an<l 
conse(pient  lass. 

Wr  cannot  cut  otV  earlier  than         without  pressing  the  stuim  from 

the  riii'iver  hack  into  the  non-condensing  cylinder,  Ixfaus*'  the  stt^ra 
will  rise  t«»  a  higher  pressiire  in  the  n-tviver  than  the  terminal  pressuri' 
in  the  con-condensing  cylinder.  If  this  is  done  only  to  a  small  extent 
it  may  not  jirove  a  serious  evil. 
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If  we  use  a  receiver  of  auy  considerable  size  we  must  submit  to  a 
drop  from  the  terminal  pressure  of  the  non-condensing  cylinder  to  the 

pressure  in  the  receiver,  with  the  consequent  loss,  or  make  e^  =  

very  nearly. 

If  we  do  not  use  any  receiver,  or  a  very  small  one,  we  can  effect  a 
greater  economy  of  steam,  but  the  power  of  the  two  cylinders  cannot 
be  equalized  without  pushing  the  ultimate  expansion  beyond  all  reason- 
able limits,  diminishing  the  concentration  of  power  so  essential  to  all 
steam  engines,  unless  we  make  the  point  of  cut-off  of  the  condensing 
cylinder  later  than  h  stroke,  and  thus  submit  to  a  double  admission. 

In  conclusion  the  writer  would  like  to  say  that  he  does  uot  believe 
that  a  final  agreement  will  be  reached  from  one  discussion  or  many 
discussions,  or  that  we  can  refer  our  reasoning  back  to  nature  and 
prove  its  correctness  or  its  superficiality,  until  a  more  complete  and 
rational  set  of  experiments  are  made  on  the  compound  engine  than 
now  exist. 

A  fiimous  English  lawyer  is  reported  to  have  said  that  he  could 
"  drive  a  coach  and  four  through  any  act  of  Parliament." 

It  would  require  but  very  little  effort  to  do  the  same  to  any  set  of 
experiments  now  extant  upon  the  compound  engine. 


Forms  of  Comets'  Tails. — Th.  Schwedoff  has  shown  that  com- 
ets' tails  may  be  represented  by  waves,  produced  by  the  passage  of  the 
nucleus  through  a  resisting  medium.  His  theory  has  the  advantage 
of  dispensing  with  the  assumption  of  any  doubtful  agencies,  and  of 
predicting  the  form  and  position  of  the  tail  in  any  comet  of  which  the 
elements  are  known.  Faye  has  endeavored  to  demonstrate  that  the 
hypothesis  of  an  interplanetary  resisting  medium  would  require  a 
mass,  within  the  limits  of  our  system,  a  hundred  thousand  times  as 
great  as  that  of  the  sun,  even  if  the  density  of  the  medium  were  only 
-.i^^  as  great  as  that  of  our  atmosphere.  He  supposed,  however,  that 
the  sethereal  density  does  not  vary  between  the  surface  of  the  sun  and 
the  orbit  of  Neptune.  If  we  admit,  with  Encke,  that  the  density  of 
the  cosmic  medium  decreases  in  inverse  ratio  to  the  square  of  the  dis- 
tance, we  readily  find,  for  the  total  mass  of  the  medium,  a  value 
which  is  only  y^^o^Vtoo"  ^^  great  as  Faye  assumes. —  Comptes  Rendus, 
May  7,  1883.      '       '  C. 
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[PrkkaT(jKY  Notk.— In  tin-  Annrifun  ynturnliMt  of  May,  1883,  the 
writer  reviewed  h  piililicittion  mI'  tin-  MiiH-nilo^rical  ami  ( ;<-<»loiriejil  Se«'ti<iii, 
iiiarl<e(l  "  No.  2,  IMMO-Issi."  Tiie  only  .•irtieles  nn  liiis  imhliralion  of  any 
len(itli  or  importance  were  My  tlie  Director,  Mr.  T.  I).  Hand. 

Bolii  of  tliese  were  mainly  <levoie<l  to  eritiei/inn  the  work  of  Mr.  (Jlix-*. 
E.  Hall,  formerly  un  A.s.MiMtant  on  the  Second  (Geological  .Survey  of  Penn- 
sylvania. Wiiiie  many  of  tlie  eritieism.s  may  have  been  well  founde<l,  it 
.seemed  to  the  jireseiit  writer  tliat  tlie  tone  of  the  criticism  wax  unjn;<t,  and 
(he  implied  ehar^re  of  ineomjiett'ijcy,  unfounded.  A.s  Mr.  Hall  wa-s  ali-eiit 
from  the  city,  and  unahie,  therefore  to  undertake  his  own  defeme,  the 
writer  reidied  for  his  former  eolleanue,  t'rom  whose  views,  however,  he  dif- 
fere<l  widely,  in  the  Anirriffiit  Nfitiirnlist  of  May,  1sn.{.  Mr.  Rand  rejoined 
in  Sep(«'mher  of  the  same  year,  raising,  among  other  (pU'stions,  that  of  the 
accuracy  of  one  of  my  dates,  which  wa.s  therefore  established  on  the  authority 
of  tl»e  Secretary  of  the  JJoanI,  Mr.  Korman,  in  a  short  note  in  the  .san.e 
|)ulilication  in  ()ctoi)er. 

In  the  meantime,  in  the  .^ei»temlier  numlier  of  the  Ki< anklin  1  nstitutk 
JoiKNAl.,  Mr.  Hand  had  eriliciscd,  with  cousideralile  severity,  over  his  well- 
known  initials,  the  volume  ( ',,  which  ha<l  recently  appeari'<l.  This  led  to 
an  answer  hy  me  in  the  October  numl>er  of  the  Jolkxai.. 

Mr.  Rand  then,  under  the  title  of  "  N(»tes  on  Chester  Valley  and  \"icin- 
ity,"  read  a  paper  strongly  combating  views  which  had  been,  in  various 
places,  expres.scd  by  or  a.Hcribei|  to  me.  I  had  not  exiK*<-tiHl  this,  thouuh  I 
was  acciilentally  present  at  the  meeting,  and  replied  orally  to  the  jxtints 
that  I  hap|)ened  to  recall.  Mr.  Rand  was  kiiul  enough  to  allow  me  to  .see 
his  manuscript,  in  which  I  found  some  expressions  which  I  did  not 
remember  to  have  heard."  My  re|»ly  to  this  j>aper,  written  with  tin*  manu- 
.script  before  me,  was  subinitte<l  to  the  Miixralogical  and  (ieological  ."section 
for  publication  with  Mr.  Rand's  paiKT,  and  was  not  publisheil  Ity  that  com- 
mittee, but  referred  to  the  Tublication  t'omniittee  of  the  Acaulemy  it-^elt". 
This  committee  accepted  it,  providnl  three  pitj«sages  nuirkeii  by  the  com- 
mittee were  omitted.  In  the  following,  these  pa.s.««agi>s  are  italici/.i^l.  I 
considered  them  of  trilling  importan«'e,  but  could  not  acknowhdire  the 
justice  of  th«'  committi-e's  deman<l,  and  withdrew  the  paper. 

The  .second  of  these  three  passages  coiicerneil  the  presi-nl  writer  alone, 
and,  as  he  ilid  not  feel  too  badly  about  it,  he  was  at  a  hiss  to  t-omprehend 
the  vicarious  sensibility  of  the  committee.  — I*.  F?.] 

Ml*.  TluHxlore  I).  Rand  pri'sented  to  the  notice  of  the  Miner.il'»^ic:il 
and  Geological  .*^cction  uf  the  Academy  of  Natnnd  Smcmoo,  on  CKio- 

*  I  wiiB  absent  fur  n  few  iiiiiiiitfs  ilurhm  tlio  roatltug  of  Mr.  Itauil'n  |>«p«r.  for  tUe 
purpose  of  |i<'ttlni(  fnun  tlie  lH»rnr.v  one  of  tlu*  volume!*  crlllcliMl. 
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ber  21,  1883,  an  interesting  series  of  rocks,  illustrative  of  the  belts  in 
the  vicinity  of  the  region  where  Chester,  Delaware  and  Montgomery 
counties  join ;  and  has  given  utterance  to  some  categorical  criticisms  on 
the  newly  issued  volume  C^  of  the  publications  of  the  Second  Geolo- 
gical Survey  of  Pennsylvania. 

There  are  eight  of  these  numbered  criticisms,  but  this  does  not 
include  quite  all,  because  sometimes  two  criticisms  are  included  under 
one  number ;  and  the  criticisms  continue  after  the  numeration  has 
ceased,  as  if  the  mathematical  faculty  could  not  keep  pace  with  the  mul- 
titude of  impressions  due  to  a  sensitive  geological  judgment.  It  is  per- 
haps fortunate  for  me  that,  in  replying  to  those  criticisms  which  con- 
cern me,  I  am  able  to  set  aside,  at  the  outset,  so  large  a  proportion, 
relating  to  matters  for  which  I  am  in  no  way  responsible,  and  which  I 
saw  for  the  first  time  after  the  volume  C^  was  printed. 

To  speak  more  specifically,  criticisms  2,  3,  4  and  7  are  such  as  have 
just  been  alluded  to.  They  are  directed  at  statements  made  by  other 
persons  than  myself,  and  with  which  I  either  have  no  sympathy  or 
concerning  which  have  formed  no  opinion. 

No.  6  is  really  in  the  same  category  as  the  preceding,  because  it 
attacks  simply  a  quotation,  for  which  I  gave  the  authority,  regarding 
a  state  of  things  outside  of  the  district  I  was  studying,  and  which  I 
had  never  seen. 

There  remain  three  numbered  and  four  unnumbered  criticisms.  In 
regard  to  these  collectively  I  cannot  repress  my  surprise  at  their  inac- 
curacy ;  and  in  most  cases  so  great  is  the  inaccuracy  that  were  it  not 
for  Mr.  Rand's  (no  doubt  unintentional,  but  careless)  misquotation, 
there  would  be  nothing  left  to  base  the  criticism  upon.  For  example, 
Mr.  Rand  quotes  as  follows :  "  C4  says,  pp.  34,  1 24,  '  The  quartzite 
failed  altogeter  on  the  southern  side  of  the  valley.'  '  No  Potsdam 
sandstone  has  been  detected  anywhere  along  the  south  edge  of  the 
limestone  area.'  " 

If  the  reader  will  turn  to  p.  34,  he  will  find  the  sentence  preceding 
the  first  just  quoted  to  read  thus:  "  When  Chester  county  was  reached, 
all  sharply  defined  boundaries  ceased  to  be  possible.  The  quartzite 
failed,"  etc.,  as  above. 

If  one  turns  to  the  bottom  of  p.  123,  he  reads  the  following  from 
Prof.  Lesley :  "  Prof.  Frazer  draws  attention  to  the  fact  that  the  Lan- 
caster county  limestone  plain  does  not  seem  to  rest  upon  a  floor  of 
Potsdam  everywhere,  but  only  in  its  middle  and  northern  parts.     The 
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uplift  wliich  crossfes  that  wunty  east  and  west  just  north  of  the  city  of 
Lancaster,  exposes  tlie  I*r)t.s<lani  sanilstoiie  several  hundrf-*!  feet  tlii<'k 
in  Cliikis  nK'k  on  the  Sus^jucliaiiiia  alM)ve  Columbia  and  aUo  at  tlie 
west  end  of  the  Welsh  mountain  (laurel  Hill,  in  f^rl  township),  and 
th(!  Pots<lutn  sandstone  is  expos*"*!  more  or  less  evidently  alon^  the 
edge  of  the  limejitone  along  the  Chester  county  line  as  far  south  as  the 
Gap  in  the  North  Valley  hill  and  somewhat  further  west,  but  no 
Potsdam  sandstone  has  lxH?n  detected  anywhere  along  the  southern 
edge  of  the  limestone  area,  it  seems  to  bo  replared  l)v  Roger's  primal 
slates."  ' 

It  is  evident  frr»m  the  above  complete  quotations  that  on  |>.  34  I 
was  speaking  of  Chexter  county  exclmtivdy,  and  on  p.  124  Prof.  I^-slev 
was  citing  my  opinion  of  structure  in  lAinccwter  county  exclujtively.^* 
Inasmuch  as  the  supposed  occurrences  of  Potsdam  near  the  King  of 
Prussia,  and  in  Cream  Valley,  mentioned  by  Mr.  Hand,  are  in  Mont- 
gomery county,  which  was  out  of  my  field  of  lalntr,  and  was  nut 
included  in  either  of  the  citiitions,  his  criticism  contains  nothing  to 
answer. 

The  second  criticism  refers  to  the  words,  '•  sandv  gneiss'"*  and 
"hard  serj)entin('-like  mineral,"  which  arc  suj»posc<l  to  <Kx'ur  on  p.  2S3. 
\N'liat  is  said  there  is,  "  A  decomposeil  friable  white  gneissoid  ro<'k, 
together  with  a  hard  scrj>cntin<'-likc  nw-k,  cross  the  niilroad  alniut  Wavne 
Station."  The  foniMT  is  evidently  the  Euritc,  about  which  Mr.  Hand 
has  so  much  to  say. 

Tfie  second  obHiTvalion  in  very  vaf/ue,  as  itji  author  often  jH^rmitied 
himself  to  be  in  ret/ions  outside  of  that  trhich  was  the  object  of  his  study, 
viz.,  Chester  county. 

How  close  or  what  was  the  analogy  l)etween  the  hanl  rock  in  ques- 
tion and  serpentine  he  cannot  now  say,  nor  was  it  his  busini'ss  to  sav 
anything  al)out  the  locality  at  all.  To  conclude  from  '*.ser|H'ntine- 
likc"  that  the  author  meant  serpentine,  would  be  to  entirelv  alter  the 
intcnd«Hl  sense  of  the  pjis.sige.  But  it  is  worth  while  to  ol)scrN'e  how 
very  inexact  this  quotation  is. 

Criticism  No.  8  seems  the  only  one  fairly  just ifie<i  bv  the  text  i>fC^, 
p.  282.  The  context  dcMS  seem  to  imply  that  the  ser|K'ntine  an«i  s<^his- 
tose  matter  wore  together  in  place.  With  the  dip  nientionni  and 
fairly  within  the  c<)unty  of  Chester,  1  frankly  confess    I    am    unable 

*  Since  n'tracted  In  a  foot-noto. 
WuouB  No.  Vol.  CXVII. — (Third  Serib*,  Vol.  Ixxxvii.)  2iJ 
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from  memory,  to  state  to  what  this  observation  refers,  as  the  field  notes 
were  made  four  years  ago.  I  further  confess  that  having  recently 
examined  the  quarry  near  the  Spread  Eagle,  and  on  the  north  side  of 
the  Lancaster  turnpike,  I  am  prepared  to  state  that  it  is  in  a  dark 
gneiss,  as  different  from  serpentine  as  it  is  from  the  white  "  Eurite  '^ 
near  Wayne,  Avhicli,  as  well  as  itself,  is  ascribed  to  the  Potsdam  by 
Mr.  Hand.     I  must  bear  the  blame  of  an  error  here  for  the  present. 

The  first  unnumbered  criticism  of  my  work  refers  to  an  article  pub- 
lished by  me  in  the  May  number  of  the  American  Naturalist,  where 
I  am  said  to  have  contended  rightly  "  that  the  region  contains  hydro- 
mica  schist  only.'"  I  challenge  Mr.  Rand  to  produce  evidence  for  this 
statement.  Certainly  the  rocks  which  preponderate  are  schists,  con- 
taining mica  of  the  Damourite  group,  and  these  are  the  rocks  that 
have  been  taken  for  talc  schists,  but  I  have  nowhere  said  that  they 
were  the  only  rocks  exposed  in  this  region,  nor  have  I  ever  thought 
so.  In  answer  to  the  question,  "  Do  they  contain  chlorite  ?  "  I  reply, 
I  believe  they  do. 

The  second  unnumbered  criticism  is  based  upon  an  error,  but  this 
time  of  Mr.  Rand  himself,  which  he  handsomely  acknowledges  in  a 
foot-note.  In  the  September  number  of  the  Franklin  Institute 
tfouRNAL,  p.  228,  he  says:  "The  trap  (pp.  87  and  218)  on  the  north 
side  of  the  serpentine,  Easttown,  is  not  on  the  map."  To  this  state- 
ment I  demurred.  In  point  of  fact,  it  may  be  observed  there  plainly. 
Of  this  Mr.  Rand  says,  in  his  new  criticism  :  "  I  inadvertently  located 
this  "  [absence  of  trap]  '•'  in  Easttown.  It  is  really  in  Willistown." 
As  to  the  new  charge  of  omission,  I  will  examine  into  it  at  the  first 
convenient  opportunity. 

Mr.  Rand  desires  to  know  if  in  stating  that  Rogers'  altered  primal, 
as  colored  on  his  map,  included  a  heterogeneous  collection  of  rocks,  I 
may  not  have  included  with  it  some  adjacent  rocks,  I  refer  him  for 
answer  to  the  large  and  complicated  area  covering  parts  of  Chester  and 
Delaware;  the  entire  southern  portion  of  Lancaster,  from  Turkey  Hill 
to  Maryland,  and  all  that  portion  of  York  southeast  of  the  limestone 
belts.     This  territory  contains  within  it  all  the  rocks  I  have  named. 

If  there  be  any  allusion  to  the  serpentine  belt  of  Radnor  and  East- 
town  on  page  33  of  the  publication  of  the  Mineral  and  Geological 
section,  it  is  so  covert  that  I  fail  to  perceive  it;  certainly  there  is 
no  "assertion"  to  that  effect,  which  was  Mr.  Rand's  original  lan- 
guage.    Page  34  being  a  map,  naturally  contains  no  assertion  of  any 
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kind.  But,  as  I  said  iK-fore,  this  is  mere  triHing  and  waste  of  tiin«», 
and  wjts  ^f>od-huniore<lly  iMtr<xliifc<l  to  slif»w  how  Mr.  liand's  own 
iiU'tho<l  of  rriticisin  would  a|)|)ly  to  Win  nwu  work, 

Tliat  Mr.  liand  dwcrilxil  liis  "ec-helon  structure,"  not  as  a  tlieoiy, 
but  as  II  fact,  I  am  <juitc  willing  to  Ulievc,  I  did  not  \io  further  than 
to  suggest  jis  a  j>ossihlc  liy|)<»th«>is  the  structure  I  priiiKis^nl.  Jj  gnh- 
jective  cerlainty  be  tlie  test  of  accuracy,  I  f/rant  that  Mr.  Hand  is  more 
likely  to  be  riijlit  than  tnrre  Hlwlents  of  nature. 

Finally,  it  is  indis|)utahie  that  this  tiring  at  long  rang«j  in  the 
columns  of  scientific  journals  and  the  Pnx*e<lings  of  si'ientific  iMxlies 
(in  regtird  to  phenomena  almost  at  our  doors)  is  neither  j>n»fitable  nor 
e<lifying.  I  thaid<  Mr.  liiind  heartily  for  every  error  he  has  ex|)oso<l, 
whether  mine  or  another's,  and  my  only  wish  is  that  the  truth  may 
become  apparent  at  the  •■arliest  moment,  no  matter  wh«»se  theories  may 
l>e  overthrown. 

In  the  abov*'  criti<"isms,  out  of  thirteen,  numlx're<l  and  unnuml>erctl, 
but  seven  apply  to  my  j>art  of  C\.  Of  these  seven,  Imt  one  is  well 
foundetl,  one  is  trivial,  and  the  other  five  are  Imisc*!  uj)on  siuli  inaccn- 
nite  statements,  that  to  four  of  them,  wen*  it  not  f<ir  Mr.  I^jind's  high 
character  and  c<jns<icntious  work  I  wouM  not  reply  at  all.  Under 
these  circumstances  Mr.  Rand  should  practice  a  large  charity  for  tlie 
shortcomings  of  others.  J  (juite  Ik-IIcvc  that  his  nljjicrvations  were 
made  on  toot,  and  I  make  no  reply  to  the  inigenen>us  charge  that  "if 
all  the  observations  of  ***  C,  had  Ijeen  thus  nuule  there  w<»uld  have 
l)een  fewer  blunders  to  corre<t,"  except  to  sjiy  that  the  aU)ve  examples 
are  very  far  from  proving  this  statement.  That  there  are  many  and 
.si'rious  errors  in  my  [wrt  of  C\  is  probably  true:  (how  could  it  be 
otherwise  with  notes  printe<l  without  the  su|H*rvision  of  their  author  a 
year  or  two  l)efore  they  were  intended  for  the  press);  but  Mr.  Hand 
luLS  only  brought  |)ossibly  one  of  them  to  light. 

PKILSII-Xm   Fk.\zer. 

In  iTply  to  Dr.  Fnizer,  I  would  siy  : 

1.  C,  and  n«y  |)a]H'r  are  publishe<t.  The  accuracy  of  my  <|Uotatiun9  may 
be  verllle*!  \>y  any  one  wlm  iK>sire«. 

2.  I  submit  tliat  the  observer  ^>in(;  mmtbejistwjinlly  fn>n»  I^inoiHter 
county  iCV  l>.  'M',  tiu-  pbritxes,  "  Wbm  Cbester  intunty  was  rt-aebitl  •  •  • 
the  i|uartzite  faileil  ahoKetiier  on  tbe  southern  xUlv  of  t/tr  ra'f''/."  nud 
(p.  281)uuderTredyfn*iQ.   "Thisistheeiutlernnuietof  tbe  valley  ♦• 

*  I{enct«  next  (<>  Montgomery  nnd  wttliln  n  vpry  sliort  tMsUmcr  of  Ut«  MuiJaloae 
uutcropa  ilencrlbed. 
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Absence  of  the  quartzite  on  the  southern  edge  of  the  valley,  a  problem  of 
the  utmost  difficulty,"  naturally  import  the  whole  Chester  Valley,  and  not 
a  part  of  it  only,  and  the  contention  that  on  p.  124,  Prof.  Lesley  was  speak- 
ing of  Lancaster  county  exclusively,  would  have  fallen  had  the  quotation 
been  continued  but  a  few  lines  further,  as  follows:  "  It  is  not  unreasonable 
therefore  to  suppose  that  the  original  southern  limit  of  deposition  of  the 
sandstone  was  a  line  drawn  from  Pomeroy  west  to  Columbia.*  *  *  But 
this  renders  it  the  more  extraordinary  to  find  exposures  of  what  seems  to 
be  Potsdam  sandstone  *  *  *  in  southern  Chester  county.'^ 

If  it  is  admitted  that  a  sandstone  does  occur  on  the  southern  side  of  the 
Chester  valley,  very  close  to  the  Chester  county  line,  as  described  by  Prof. 
Lewis,  in  1879,*  it  would  seem  that  the  county  line  should  not  have  been  an 
impassable  barrier  to  its  examination,  as  prominence  is  given  to  the  sup- 
posed absence  of  sandstone  in  that  position.  In  other  parts  of  the  work 
there  are  observations  in  Montgomery  and  Delaware  counties. 

3.  Is  it  seriously  contended  that  unaltered  diorite  is  a  "serpentine  like" 
rock  ? 

4.  As  to  chlorite  in  the  hydromica  schists,  I  quote  from  Dr.  Frazer's  criti- 
cism of  C4  in  the  American  Naturalist,  October,  1883.  "  These  rocks  con- 
tained no  talc  whatever,  the  mineral  that  was  taken  for  talc  being  a  hydrous 
mica  of  the  damourite  group;  *  *  *  yet  the  old  name,  talc  mica  region  is 
retained  as  if  it  actually  defined  something,  *  *  *  the  magnesia  which 
these  schists  are  supposed  to  contain  (contrary  to  the  results  of  repeated 
analyses  bj-  Dr.  T.  S.  Hunt,  Dr.  Genth,  Mr.  McCreath,  the  writer,  and  many 
others),  is  made  the  basis  of  an  hypothetical  speculation." 

From  this  I  inferred,  it  seems  wrongly,  that  Dr.  Frazer  contended  that 
these  schists  were  exclusively  hydromica  schists.  I  regret  that  I  misunder- 
stood him,  but  I  cannot  yet  see  how  schists,  which  contain  no  magnesia, 
can  contain  chlorite  any  more  than  they  can  contain  talc.  Can  he  refer  to 
an  analysis  of  si^eciuiens  from  a  locality  not  close  to  the  line  of  serpentine 
outcrops  ? 

5.  Dr.  Frazer  saj's:  "If  there  be  any  allusion  to  the  Serpentine  belt  of 
Radnor  and  Easttown  on  page  33, t  it  is  so  ccvert  that  I  fail  to  perceive  it. 
*  *  *  Page  34,  being  a  map,  naturally  contains  no  assertion  of  any  kind." 
I  quote  from  page  33  :  "My  view  of  a  section  along  a  line  from  Bryn  Mawr 
northwest  to  a  point  in  the  north  line  of  Radnor  township,  *  *  *  that  is 
west  of  Mr.  Hall's  line  H,  *  *  *  is  given  herewith,  *  *  *  1.  Syenite.  North- 
ward. 2.  Serpentine.  *  *  *  I  submit  herewith  a  map  showing  most  of  the 
outcrops  mentioned."  On  the  next  page  is  the  map,  showing  among  other 
things  the  outcrops  of  the  Radnor  and  Easttown  Serpentine  belt  on  the 
northerly  side  of  the  great  Syenite  anticlinal.  A  map  may  not  be  an 
"assertion,"  but  if  one  publishes  a  geological  map,  and  upon  it  indicates 
clearly  the  outcroj)  of  a  certain  rock,  it  is  a  fair  inference  that  he  meant 
that  such  a  rock  was  in  the  locality  marked. 

6.  Dr.  Frazer  insists  on  the  accuracy  of  his  date  for  the  publication  of  Cg, 

*  Proc.  Min.  and  Geol.  Soc.  Acad.  N.  S.,  No.  1,  p.  93. 
t  Rand,  Proc.  Min.  and  G.  Sec,  1880, 1881,  p.  .33. 
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viz.,  "late  in  1S82."*  I  .statedt  that  that  volunic  wa-s  in  the  liKrarj-  of  the 
Academy,  and  in  my  pos.ses.sion,  in  1881  ;  that  my  eriticinm  of  it  wit-^  read 
in  December,  1881,  and  puhlished  in  April,  1882;  which  statemeuta,  if  the 
book  wa.s  not  publi.shed  until  late  in  1882,  lus  Dr.  Frazer  a^ain  asserts,  can- 
not be  true.  Until  now  I  supposed  his  remarks  in  the  October  XaturalUt 
were  intended  to  explain  how  he  fell  into  the  error,  and  not  to  atTlrm  it; 
but  his  present  statement  is  so  clear  that  I  feel  compelled  to  jiublish  the 
following  to  relieve  myself  of  the  odium  of  such  a  charge  : 

Hakki.sburo,  Pa.,  Nov.  .3  »,  1*^81. 
TiiKo.  I).  Rand,  Es<j.,  17  South  Thin!  street. 

Dkar  Sir  : — At  the  refjuestof  Mr.  Murray  Graydon,  *  •  ♦  I  send  you  by 
mail  Uwlay  1  copy  of  Report  C,.  *****  * 

Very  truly,  Fred'k  W.  F'orman. 

[Copy.] 

Second  Oeological  Survey  of  Pennsylvania, 

J.  Peter  Lr^lkv,  State  CJeologist, 

1008  Clinton  street,  Philadelphia. 

March  1.3,  1884. 
Mr.  Tiri;o.  I).  Rand. 

Dkak  Sir:— C;  was  published,  F  think,  in  September,  18S1  ;  but,  as  the 
publication  ottice  at  Harrisburg  was  under  the  direction  of  the  Si'<Tetary  of 
the  Board,  and  as  his  clerk  is  no  longer  in  the  service  of  the  Survey,  I  am 
unable  to  give  a  more  accurate  date;  indeed,  it  would  be  impossible  for 
any  one  to  fix  a  date. 

Yours  truly,  J.  P.  Lk>i.kv.  per  H. 

Equally  with  Dr.  Frazer  do  I  deprecate  the  "  firing  at  long  range."  For 
tills  very  reason,  I,  pursuant  to  a  published  pn)mise,  pro<lueed  the  rocks 
themselves  at  the  meeting  of  the  Miiieralogical  and  (Jeologieal  Seetion  of 
the  Academy,  hoping  that  the  points  of  dittereiice  might  l)e  there  amica- 
bly discussed  and  the  truth  elicited.  It  is  the  right  of  every  observer  to  set 
forth  his  observations,  even  though  they  may  dirter  from  the  views  of 
those  engaged  in  the  survey  of  the  State. 

The*).  I).  Ranp. 

K('ir;U(lin<:;  which  Dr.  Frazer  rej(>in.s  : 

"With  one  printing  press  anil  one  otlicial  channel  open  to  him,  which 
are  closed  to  me,  it  is  clear  that  Mr.  Rand  can  print  more  wonls  in  a  given 
time.  The  alxive  paragraphed  reply  seems  to  me  to  1h'  characterized  by 
'  undistributtnl  middle,'  not  to  say  pettifogging.  For  instance,  No.  2  is  an 
obstinate  attempt  to  put  in  the  mouth  of  another  what  that  other  never 
said,  ami  has  <lenied  having  ever  meant.  In  the  face  of  .-uch  a  fact  the 
elfort  to  fasten  upon  my  words  such  repudiated  meanings  is  (piite  unfair. 
Such  phrasi's  as  '  natumlly  inij)ort '   iNo.  2),  the  i*omment  on  Prof.  Les- 

•  Frnier,  .\m,  Nat.,  Mny,  I88S,  p.  .12R. 
t  .\m.  Nat.,  September,  !*«.  p.  W6. 
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ley's  language  (No.  2),*  'fair  inference'  (No.  5),  and  the  quibble  about  the 
chlorite  in  the  hj-dromica  schists,  are  purely- gratuitous  constructions  which 
it  pleases  Mr.  Rand  to  put  on  language  Avhich  will  not  sustain  them. 

"  Nos.  3  and  5  appear  to  me  to  be  the  veriest  trifling  with  words. 

"  No.  4  is  an  entire  misstatement  of  my  clearly  expressed  views.  Though 
the  'talc  schist'  contain  no  talc,  and  therefore  no  magnesia,  it  does  not 
follow  that  in  the  series  there  are  no  layers  of  raagnesian  rocks  which  are 
not  'talc-like.' 

"  In  C3  pp.  268t  +,  several  analyses  of  such  rocks  remote  from  the  serpen- 
tine outcrojis  will  be  found. 

"  (6)  I  did  insist  that  C,;  was  pul)lished  October  24,  1882,  for  the  reason 
that  on  writing  to  the  clerk  of  the  Board  of  Commissioners,  Mr.  F.  W. 
Forman,  who  was  the  official  charged  with  receiving,  issuing,  and  record- 
ing the  date  of  issue  of  reports,  I  received  and  have  still  a  letter  dated  Sep- 
tember 8,  1883,  in  Avhich  the  dates  of  issue  of  all  the  reports  up  to  that  time 
are  given,  and  that  of  the  issue  of  Cg  is  October  24,  1882.  If  Mr.  Forman 
was  mistaken  I  am  not  to  blame,  because  having  been  in  Euroi^e  during  the 
entire  iieriod  between  Mr.  Forman 's  date  and  Mr.  Rand's  I  took  every 
precaution  to  ascertain  with  accuracy  what  I  stated.  The  State  Printer, 
however,  in  answer  to  a  letter  from  me,  fixes  the  date  of  the  delivery  of 
1,400  copies  of  Ce  to  Mr.  Forman  as  October  24,  1881." 

Persifor  Frazer. 

Commenting  upon  the  preceding,  Mr.  Rand  adds : 

'.'  Of  the  analyses  C3,  p.  268,  two  are  of  rock  from  York  county.  The  third 
is  in  Lancjister,  as  follows  ;  the??  are  in  the  original  : 

"No.  977,  Variegated  Chlorite  Schist  with  Chlorite  (?)  half  a  mile  north- 
east of  Pine  Grove. 

Silica  (SiO,) 37-03 

Titanic  Oxide  (Ti  (),) 4-05 

Phosphoric  Oxide  (PjOj) 0-51 

Alumina  i  Alj  O3) 24-13 

Lime  (CaO) -21 

Magnesia  (MgO) 1-44 

Ferrous  Oxide  (?)  (Fe  O) 19-83 

Potash,  trace  soda 8-93 

Ignition 3-54 

"This  needs  no  comment.  The  Map  C,,  shows  the  locality  in  the  line  of 
strike  of  the  Texas  Serpentine,  and  but  about  two  miles  distant.''^ 

Theo.  D.  Rand. 

*  The  added  words  only  prove  more  conclusively  than  ever  that  the  quotation  could 
not  juslifj'  Mr.  Rand's  supposition  tliat  Cj  denied  the  existence  of  quartzite  on  any 
part  of  llie  southern  side  of  the  Chester  valley,  and  tliat  Lancaster  and  Chester  were 
alone  under  consideration.  Lancaster,  up  to  the  point  where  my  citation  stopped, 
and  by  a  natural  transition  of  thought  in  the  portion  continued  by  Mr.  Rand,  Chester 

t  268  -h  means  p.  '2(i8  and  succeeding  pages.  Mr.  Rand  sv^ked  for  an  analysis  of  speci- 
mens (of  hydro-mica  schists)  not  near  a  serpentine  outcrop.  I  referred  to  p.  268,  where 
there  are  three  analyses  of  the  associated  chloritic  layers;  +  (i.  e.,  p.  270)  Peach  iJottom 
slate,  (and  p. 271,)  mica  schist.  His  remark  about  977,  (a  specimen  from  the  west  slope 
of  the  Soutli  Mountain  in  Cumberland  county,)  which  follows  this,  I  cannot  under- 
stand. His  assertion  as  to  tlie  locality  is  some  fifty-six  miles  in  error,  the  horizon  is 
probably  the  same  as  that  of  the  Chester  schists  and  magnesia  is  present. 

X  Dr.  Frazer's  note  leads  me  to  think  there  may  be  two  Pine  Groves.  If  fifty-six  miles 
from  Pine  ftrove  on  the  Octorara  it  is  equally  with  York  county  out  of  the  region  dis 
cussed. 
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Distribution  of  the  Heat  which  is  Developed  by  Forging. 

— (Jii  the  XtU  of.JuiK'  1^74,  Tr(-.(-a  ))iVM'nt.<i  id  iIk-  French  Ac-adeiiiv 
some  considerations  rcspectinf;  tlie  distrihiition  of  heat  in  forcing  a  bar 
of  platinum,  and  stated  the  i)rincipal  reasons  which  rendered  that  metal 
especially  suital>]e  for  the  ])urpose.  He  sul»sef|uently  exi)erimented,  in 
a  similar  way,  with  other  metals,  and  Hnally  adopted  Senarmont's 
method  for  the  study  of  conduetibility.  A  steel  or  copjKT  bar  was 
cjirefully  polished  on  its  lateral  faces,  and  the  polished  portion  covered 
M'ith  a  thin  coat  of  wax.  The  bar  thus  prepannl  was  pla«e<l  under  a 
ram,  of  known  weight  P,  which  wa.s  raise<l  to  a  heiglit  7/,  where  it 
was  automatically  released  .so  as  to  exi)end  uj)on  the  bar  the  whole 
quantity  of  work  T  =  PII,  l)etween  the  two  wpial  faces  of  the  ram  and 
the  anvil.  A  single  shock  sutHced  to  melt  the  wax  ujmn  a  certain 
zone  and  thus  t(;  limit,  with  great  sharpness,  the  part  of  tiie  lateral 
faces  which  had  been  raise<l  during  the  shock  to  the  teni|)erature  of 
melting  wax.  Generally  the  zone  of  fusion  imitates  the  area  com- 
prised between  the  two  branches  of  an  equilateral  hyperbola,  but  the 
fall  can  be  so  graduated  as  to  restrict  this  zone,  which  then  takes  other 
forms,  somewhat  ditlerent,  but  always  symmetrical.  If  ^  is  the  area 
of  this  zone,  b  the  breadth  of  the  bar,  d  the  density  of  the  metal,  e  its 
capacity  for  heat,  and  t  —  /„  the  excess  of  the  melting  tem|)erature  of 
wax  over  the  surrounding  temjierature,  it  is  evident  that,  if  we  con- 
sider A  as  the  base  of  a  horizontal  prism  which  is  raisetl  to  the  tem- 
perature iy  the  calorific  eifect  may  be  expresswl  by 

AbXdX  C{t—t,) 

and  on  multii>lying  this  quantity  of  heat  by  420  we  find,  for  the  value 
of  its  equivalent  in  work, 

r  =  425JWC(/— 0- 
On  comparing  7"  to  T  we  may  consider  the  ex|>eriment  as  a  mechani- 
cal operation,  having  a  minimum  uf 

After  giving  diagrams  and  tables  to  illustrate  the  geometrical  dis|>o- 
sition  of  the  areas  of  fusi<.n,  Tresca  feels  Justitiwl  in  concluding  that 
the  development  of  heat  depends  upon  the  form  of  the  faces  and  the 
intensity  of  the  shock  ;  that  the  points  of  greatest  heat  correspmul  to 
the  points  of  greatest  How  of  the  metal  and  that  this  fiow  is  a-ally  the 
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mechanical  phenomenon  which  gives  rise  to  the  calorific  phenomenon ; 
that  for  actions  sufficiently  energetic  and  for  bars  of  sufficient  dimen- 
sions, about  j*o  of  the  labor  expended  on  the  blow  may  be  found  again 
in  the  heat;  that  the  figures  formed  in  the  melted  wax,  for  shocks  of 
less  intensity,  furnish  a  kind  of  diagram  of  the  distribution  of  the  heat 
and  of  the  deformation  in  the  interior  of  the  bar,  but  that  the  calcula- 
tion of  the  coefficient  of  efficiency  does  not  yield  satisfactory  results  in 
the  case  of  moderate  blows. — Compters  Rendus,  July  23,  1883. 

Strength  of  Portland  Cement. — The  Portland  cement,  as  it 
comes  from  the  factory,  is  composed  of  an  almost  impalpable  powder, 
mixed  with  coarser  grains  whch  have  but  little  adhesive  quality. 
Mann's  experiments  have  shown  that  in  a  trial  of  seven  days  the  por- 
tions which  pass  through  a  No.  176  sieve  (31,000  meshes  per  square 
inch)  exhibit  five  times  the  adhesive  strength  of  those  which  pass 
through  a  No.  103  sieve  (10,600  meshes  per  square  inch).  The  neces- 
sity of  fine  grinding  is  therefore  obvious.  In  ordinary  cement  45'6 
per  cent,  is  stopped  by  the  No.  176  sieve,  which  is  the  finest  that  is 
made.  The  force  of  cohesion  is  much  greater  than  that  of  adhesion, 
varying  from  threefold  to  tenfold.  The  adhesive  force  upon  different 
substances,  such  as  stone,  brick,  slate,  marble,  glass,  etc.,  varies  greatly. 
The  degree  of  surface  polish  has  less  effect  than  one  would  think. 
According  to  these  experiments,  the  best  test  of  Portland  cement  is  its 
adhesive  power.  The  No.  176  sieve  ought  not  to  stop  more  than  45 
per  cent,  of  the  cement ;  the  part  which  traverses  the  sieve  should 
have  an  adhesive  force  of  95  pounds,  and  the  unsifted  cement  of  75 
pounds  per  square  inch. —  Chron.  Industr.,  Sept.  30,  1883.  C 

Tripolith. — A  substance  has  been  manufactured  in  Heidleberg,  for 
two  years,  which  is  called  tripolith,  and  which  is  prepared  as  follows: 
three  parts  of  an  argillaceous  gypsum  are  mixed  with  one  part  of  sili- 
cious  clay,  and  nine  parts  of  this  mixture  are  added  to  one  part  of 
coke.  The  entire  mass  is  placed  in  a  caldron,  without  water,  and  is 
heated,  with  continual  stirring,  until  it  reaches  the  temperature  of  120° 
(248°r.),  in  order  that  the  water  of  crystallization  may  be  expelled 
from  the  gypsum.  The  whole  is  then  heated  to  260°  (500°F.),  and 
subsecjuently  pulverized  and  sifted.  The  tripolith  is  harder,  tougher 
and  lighter  than  gypsum,  and  is  better  adapted  to  the  manufacture  of 
stuccos  and  the  decoration  of  columns,  etc. —  Gaceta  Industrial,  Sept. 
25,  1883.  C. 
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Manufacture  of  Soda  from  Sea  Salt  —The  municipality  of 
IssoikIuii,  havJDj;   n,'Solvc<l   to  erect  a  iiK.nuriient  to  Nicholas  Lcl>lanc, 
the  j)ionc'cr  in  the  artificial  .s(xla  industry,  M.  Dumas  gave  an  elcxjuent 
address  to  the  French  Academy  uynm  the  importance  and  vicissitudes 
of  that    branch  of  manufacture.     A   himdretl   years  ago   the    French 
Government  consulted  the  Academy  as  to  the  best  means  of  replacing 
the  soda  supply,  for  which  they  had   lx;en  de|>endent  u|x)n  Spain,  and 
a  jjrize  of  12,000  francs  was  offered   to  the  inventor  of  a  successful 
process  for  extracting   the  alkali  from   sea  salt.      When  I>eblanc  had 
fulfilled  the  conditions  of  the  j)rizc  the  Academy  hatl  ceased  to  exist; 
the  inventor  was  obliged  to  renounce  his  rights,  to  close  his  factorvand 
to  live  in   the  extreme  of  penury,  until  finally  he  cnmmitte<l  suicide. 
Many  persons  would    be   surprised   at   the   information   that   the  two 
greatest  economical  novelties  of  the  century  are  the  steam  engine  and 
artificial   soda,  the  two   most  fertile    inventors,   Watt   and   I^blanc. 
AVhile  the  engines  created  by  the  former  act  with  a  great  noise  in  all 
our  factories,  citrry  the  trains  of  travelers  and   merchandize  over  tin- 
iron  roads  with  which   the  continents  are  furrowed,  or  guide  ships  of 
commerce  and  war  over  the  waves  of  the  sea,  the  soda  pr-nlucts  pene- 
trate into  all   our  workshops  and  dwellings,  as  indispensable  elements 
or  auxiliary  agents  of  labor,  and  as  direct  or  indirect  objects  of  con- 
sumption.    If  we  were  aske<l  which  of  the  two  inventors.  Watt   or 
Jx'blanc,  has  most  gre^itly  iucreasetl  the  welfare  of  our  race,  we  might 
hesitate  for  an   answer.     All   the  ameliorations  in  the  mechanic  arts 
spring,  it  is  true,  from  the  use  of  the  steam  engine;  but  all  of  the 
benefits  which    pertain    to   the  chemical   industries   have  found    their 
l)oint  of  depai-ture  in   the  extraction  of  soda  from  sea  salt.     The  first 
result  of  the  soda  factories  placed  at  the  disposal  of  the  soap  makers, 
the  glass  manufacturers,  the  blrachers  and  the  paper  makers  the  alkali 
of  which   tiny  have  need,  and  als^)  offeretl  to  all    industries  sulphurii- 
and  chlorhydric  acid,  in  unlimited   quantities  and  at  prices  fabulouslv 

reduced.     The  se( d   result  was  the  introduction  of  chloride  of  lime 

for  the  rapid  bleaching  of  vtHgetable  tissues,  in  place  (»f  the  slow  a»'tion 
of  solar  light  and  damp  air  upon  piwes  of  linen  spread  upon  the  gross- 
These  four  agents— a  powerful  alkali,  two  energetic  acids,  a  ble:iching 
jnnvder  which  nothing  has  supplanted— gave  an  unprectHJent.ii  range 
t.»  chemical  iiulustries,  and  raisiil  the  (piestion  whether  it  w:ls  wise  to 
leave  the  fabrics  de^>endent  upon  the  sulphur  of  Sicily,  which  might, 
at  any  moment,  be  enornu)usly  a<lvanctHl   in   priw  :  and   imn   pyrites. 
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which  had  previously  been  almost  worthless,  was  largely  employed  in 
the  manufacture  of  sulphuric  acid.  The  growth  and  competition  of 
large  soda  factories  reduced  the  price  until  it  became  necessary  to  look 
for  new  sources  of  profit,  which  were  found,  for  awhile,  in  the  manu- 
facture and  sale  of  chloride  of  lime.  The  leaching  of  the  crude  soda 
to  extract  the  carbonate  left  residues,  which  contained  all  the  sulphur 
of  the  sulphuric  acid  united  to  the  lime.  This  refuse  incommoded 
the  whole  neighborhood,  infecting  the  water  courses  and  the  shores  of 
the  sea  itself.  These  annoyances  were  removed  by  the  invention  of  a 
process  for  regenerating  the  soda  which  was  left  from  the  leachings. 
The  manufacture  of  chlorine  and  chloride  of  lime  consumed  peroxide 
of  manganese,  and  produced  chloride  of  manganese  in  great  quantities. 
The  peroxide  is  a  natural  product  of  limited  supply;  to  increase  its 
consumption  is  to  raise  its  price.  The  chloride  destroys  vegetation 
and  infects  the  streams ;  a  considerable  daily  production  of  it  creates 
a  thousand  difficulties.  They  have  been  obviated  by  a  process  for 
regenerating  the  peroxide  and  thus  getting  rid  of  the  chloride.  Mean- 
while, the  competition  continuing,  and  the  price  of  soda  steadily  fall- 
ing in  proportion  as  the  cost  of  manufacture  diminished,  help  was 
sought,  not  in  new  economies,  but  in  the  treatment  of  ores  capable  of 
furnishing  remunerative  merchantable  products.  Hence  the  iron  pyrites 
was  replaced  by  copper  pyrites  which  were  accompanied  by  precious 
metals,  and  the  profit  was  sought  in  the  silver  or  gold  which  could  be 
extracted  from  their  cinders.  This  strife  is  now  to  be  renewed  with 
a  rival  process  founded  upon  the  decomposition  of  salt  by  ammonia 
in  presence  of  an  excess  of  carbonic  acid.  Whatever  may  be  the  result 
of  the  contest,  it  is  fortunate  that  modern  chemistry  has  had  the  vari- 
ous practical  schools  of  industry  which  have  resulted  from  Leblanc's 
process,  and  which  have  exercised  an  incalculable  influence  upon  all 
civilized  countries. — Les  Mondes,  Aug.  11,  1883.  C 

Dangers  in  the  Use  of  Earthenware. — E.  Peymsson,  having 
been  called  upon  to  examine  some  pottery  which  was  suspected  of  hav- 
ing produced  lead-poisoning,  found  that,  in  spite  of  the  ministerial 
circulars,  the  glazing  often  contains  lead  enough  to  make  it  dangerous 
for  use.  M.  Constantin  has  invented  a  process  which  is  entirely  harm- 
less as  well  as  economical — varnishing  with  boro-silicate  of  lime.  The 
glazing  of  fine  French  and  English  china  has  been  much  improved 
by  the  addition  of  boric  acid  and  borate  of  lime,  which  allows  a  great 
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<liiiiiiiiitioii  ill  tin-  (|uantity  of  rornsf'  (•iiij)Ioy<-<l ;  hut  ovf-n  tlnir  h:il>itual 
line  may  rx-faHion  injury  hy  tlif  no'iiniulatioi)  of  small  quantitie;*  of 
l<'.ul  ill  tlio  .«yst<iii.  Thoro  an*  always  rracks  in  tin*  ^rlazinjr  «'v»'n  «»f 
iln- fiiM'st  cliina  after  it  has  Imnmi  iimhI  for  some  time.  Thesi' rni<"k- 
iiiay  retain,  in  -pile  of  the  most  (-arefiil  washing,  p-rms  of  fermenta- 
ti(»ii,  as  is  shown  l»y  the  fa«'t  that  milk  or  hmth  will  fernn-nt  m<»r*- 
nadiiy  in  a  veas^'l  which  has  onre  Ixn-n  squired  than  in  one  whieh  i« 
IK  w.  The  analogy  iK'twwn  ferm«'ntation  and  contagious  diseascj*  gives 
room  to  fc^ir  that  earthen  vessels  which  have  IxH'n  ns*-*!  liy  the  sick 
may  carry  contairion  to  others.  —  Jj4s  Monrhn^  Au^.  2o,  18H.'l.         <' 

New  Mining  Powder. — .Vcconlin;;  to  the  Anuahi^  Jniiu.'<fyi,u.A, 
-M.  Mi<lialo\V'ki,  all  cii;;iiircr  at  -Moiitcean-les-.Mines,  has  just  invente<l 
a  new  e.\plosive.  It  is  a  j)owder  of  a  density  little  more  than  half  as 
^re^it  as  that  of  onlinarv  powtler,  with  irre^jular  grains  of  a  slato-^niy 
color.  It  d(M'>  not  e.\ph»<le  by  the  action  of  tire,  and  detonates  only 
under  a  blow,  like  dynamite.  — Z^-/*  Mondes,  Au^.  25,  1883.  C. 


li  (M»  U   Notices 


TUAITE    PUATKifK    D'l*^I-K<TRI<rrK    C'OMIMIENANT     L>S    ApPLICA- 

Tio.vs  Ai'-X  Sikncks  hrr  I-'Imu'stuik,  ^r^<•.  Par  ('.  M.  (iariel. 
Tome  Premiere.  .\ve<' 2').'5  ti^uiv.x  ilans  K^s  texte.  Paris:  Octave 
Doin,  Editeur.     IMSI, 

The  intention  of  the  author  is  at  ontv  to  avoid  the  cla>*ic  routine 
ot"  the  onlinary  te.\t-lKK)k  on  ele<tricity,  and  to  present  the  nu»re 
im]>ortant  tlevelopments  of  electricid  scienee  in  such  form  as  may  l)e 
|»articularly  instructive  to  the  ^enend  or  non-tJH'iinicjd  reader.  Instruc- 
tion, as  the  main  ol)jeot,  is  f«)lh>we<l  with  honest  ploildinir  purpose-,  to 
the  exclusion  of  much  that  mi^ht  .s<-ifiititically  amus«'.  and  we  may 
sjxy,  as  we  ])ick  this  l>ook  out  of  the  pres<'nt  fnithing  tl«Kxl  of  li^ht 
Iit«>niture  on  electricity,  that  it  is  quite  ab«»ve  the  average  ]M>pidar  work 
in  tone  and  in  exei-ution. 

While  fre^ihness  and  jM»int  is  given  t»)  the  tretitment  by  keeping'the 
.applications  steadily  in  view,  the  author  d<Hs  not  hesitate  to  e.xplain 
many  essential  tluHireticjd  matter*  omitte<l  fn»m  works  of  a  more  te<"ii- 
iiical  pretension.  .\ss<»rting  that  it  is  not  ntHH^siir>- ina  workof  applicii 
physics  that   the  facts  should  dis.Mp|>ear  "derrii^n'  les  equations,"  the 
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author  for  the  most  part  avoids  mathematical  formulte.  And  yet  the 
few  formulae  employed  are  happily  chosen,  and  also  clearly  show  that 
there  is  a  limit  to  the  popular  treatment  of  even  applied  science  which, 
for  the  sake  of  science  and  of  the  applications,  it  is  well  to  recognize. 
\Ye  are  particularly  pleased  to  find  in  a  popular  work  chapters  on 
magnetic  and  electrical  measurement  so  neatly  done,  and  we  note 
throughout  the  author's  clear  apprehension  of  the  essentials  of  electrical 
science.  M.  B.  S. 


Dynamic  Electricity,  including,  I,  Some  Points  in  Electric  Light- 
ing, by  Dr.  John  Hopkinson,  F.  R.  S. ;  II,  On  the  Measurement 
of  Electricity  for  Conmiercial  Purposes,  by  James  N.  Schoolbred, 
M.  Inst.  C.  E. ;  III,  Electric  Light  Arithmetic,  by  R.  E.  Day, 
M.  A.     Science  Series,  No.  71.     New  York:  D.  Van  Nostrand. 

This  little  volume  will  be  read  with  interest  by  those  engaged  in  the 
practical  manipulation  of  dynamic  electricity.  The  joint  issue  of 
three  essays  like  these  does  not  detract  from  either,  and  may  prove  an 
advantage.  The  first  treats  more  particularly  of  the  theory  of  the 
dynamo  circuit,  the  second  of  the  practical  measurement  of  electrical 
effect,  and  the  third  contains  the  numerical  solution  of  some  problems 
arising  in  the  daily  practice  of  electric  lighting.  M.  B.  S. 


THE  INTERNATIONAL  ELECTRICAL  EXHIBITION. 


[To  open,  Tuesday,  .September  2d,  1881;  to  close,  Saturday,  October  11th,  1884.] 


In  the  Journal  for  September,  1883,  there  appeared  a  general 
announcement  of  the  intention  of  the  Franklin  Institute  of  the  State 
Pennsylvania  for  the  Promotion  of  the  Mechanic  Arts,  to  hold  an 
International  Electrical  Exhibition  in  the  autumn  of  the  year  1884, 
and  giving  the  text  of  the  Act  of  Congress  relating  thereto,  which 
provided  for  the  admission  into  the  United  States,  duty  free,  of  all 
articles  intended  for  the  exhibition. 

Since  this  publication  was  made,  the  committee  on  exhibitions  has 
been  actively  engaged  in  the  work  of  organizing  and  perfecting  the 
plans.  At  the  present  time  much  of  this,  preliminary  work  has  been 
completed,  and  that  remaining  to  be  done  is  in  as  advanced  a  state  as 
time  and  circumstances  have  permitted. 

Briefly  summarized,  the  steps  that  have  been  taken  are  the  follow- 
ing: A  suitable  site  for  holding  the  exhibition  has  been  obtained  in 


^'. 
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the  large  vacant  lot  l>oiin<l««l  liv  Tliirtv-socond  aii'l  Thirty-third 
streets,  liiiiicaster  avcniH-  and  l'<»ttr  -tn-et.  Nvl)i<h,  l)y  the  lilx-ral  artion 
of  the  Pennsylvania  Kailn.ad  ('ornpany,  h:i>  Ix-en  h-Ji-ied  to  the  Insti- 
tute for  the  purposes  of  the  exhibition  for  a  nominal  consideration. 

The  acc«)nipanvir)ir  plate  (see  frontispiece)  is  a  view  of  the  exhibition 
l)uilding,  which  is  now  in  process  of  erection,  and  wliich,  by  the  terms 
of  the  contracrt,  will  be  finishe<l  by  the  loth  of  June.  The  building  is 
being  erected  by  Mr.  Jacob  R.  (iarber,  from  the  plans  of  the  architects, 
Messrs.  Wilson,  lirothers  ^  Co. 

The  following  brief  description  will  give  a  general  idea  of  it*  char- 
acter: 

The  main  building  will  be  re«-taiigular,  having  a  length  on  K«.«t.r 
street  of  283  feet  and  a  breadth  of  H><)  feet,  extending  from  KoHt.r 
street  to  Lancaster  avenue  on  Tliirty-se<'ond  street,  an<l  part  of  the 
distance  from  Foster  street  to  Lancjuster  aveime  on  Thirty-third  stn-et. 
A  tower  sixty  feet  high  will  be  situated  at  ea<'h  of  the  four  corners  of 
this  i)uilding.  One  <'entral  arch  of  100  feet  span  and  2iK)  feet  in 
length,  of  the  Gothic  style  of  archite<-ture,  will  cover  the  greater  j)or- 
tion  of  the  sj>aee  occupied  by  this  building,  while  two  smaller  oin-s, 
having  a  span  of  thirty  feet  anil  running  parallel  to  it  on  either  si«le, 
will  join  the  towers.  The  building  will  have  second  story  apartments 
at  its  ends  on  Thirty-second  and  Thirty-third  streets  respivtively,  with 
stairways  leading  up  in  the  towers  from  the  ground  fkn^r.  The  towers 
them.selves  will  be  three  stories  high.  Two  long  and  narrow  hallways 
will  atlord  communietition  between  these  apartments.  The  renuiindt-r 
of  the  ground  will  be  enclosed  by  a  large  triangular  building  one 
story  in  height  and  joineii  to  the  main  hall.  Tiie  main  entrance  to 
the  building  will  be  at  the  corner  of  Thirty-second  street  and  Liuu-:u.- 
ter  avenue,  ancdher  at  Thirty-third  and  the  avenue,  and  one  at  each 
of  the  other  towel's.  Vwc  exits  are  providiil  for  on  the  plans,  but 
desirable  changes  mav  hereafter  l)e  made  in  the  number  and  situation 
of  both  entranei*s  and  exits  lK'f(»re  the  work  is  completeil. 

The  meeting  of  the  American  AsscK-iation  for  the  Atlvantvment  i»f 
Science,  which  will  be  held  this  year  in  Philadelphia,  and  the  exjiected 
|)reseuce  of  many  reprcsentativi^  of  the  British  Association,  which  will 
meet  this  year  in  Montreal,  will  attract  a  luimerous  and  influential 
scientific  gathering  in  Philadelphia  during  the  time  of  the  holding  of 
the  exhibition  ;  and  in  order  that  so  exceptional  an  opjM»rtuuity  to 
promote  the   interests  of  science  shall  not  In?  hist,  Congress  has  In'on 
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requested  to  authorize  the  holding  of  a  National  Conference  of  Elec- 
tricians, to  convene  in  Philadelphia  at  this  time.  Should  Congress, 
in  its  wisdom,  make  the  proper  provisions  for  holding  such  a  confer- 
ence, the  results  promise  to  be  of  much  value. 

The  scientific  character  and  importance  of  the  exhibition  have  been 
duly  appreciated  by  the  United  States  Goverment,  and  the  following 
official  letter  issued  by  the  Department  of  State,  conveying  instruc- 
tions to  our  diplomatic  officials  abroad,  is  at  once  as  complete  an 
endorsement  of  the  project  as  could  be  given,  and  a  flattering  tribute 
to  the  reoutation  and  usefulness  of  the  Franklin  Institute. 

[copy.] 

Department  of  State, 

Washington,  March  1,  1884. 

Sir  : — I  transmit  herewith  printed  copies  of  a  circular  issued  by  the 
Franklin  Institute  of  the  State  of  Pennsylvania,  respecting  an  Inter- 
national Electrical  Exhibition  to  be  held  at  Philadelphia,  from  September 
2d  to  October  11th,  1884. 

Although  the  exhibition  will  be  organized  and  conducted  apart  from 
the  immediate  control  of  the  United  States,  the  advantages  for  useful  re- 
sults, which  a  direction  by  the  Franklin  Institute  confers,  have  been 
distinctly  recognized  by  Congress,  The  Joint  Resolution  of  February  26th, 
1883,  extended  the  privilege  of  "free  entry"  to  all  articles  from  abroad 
which  shall  be  intended  and  used  for  the  purpose  of  the  exhibition,  and 
precise  instructions  have  in  consequence  been  formulated  for  the  guidance 
of  Customs  officers. 

It  is  likewise  proper  that  the  offices  of  our  representatives  abroad  should 
be  engaged  in  the  same  interest  to  the  extent  of  bringing  the  project  offici- 
ally^ to  the  attention  of  the  governments  to  which  they  are  respectively 
accredited,  and,  by  all  suitable  methods,  of  making  known  to  individuals 
who  are  or  might  be  interested,  the  character,  standing  and  i^rofession  of 
the  exhibition  above  designated. 

With  the  object  of  obtaining  from  you  the  service  just  indicated  this  in- 
struction is  addressed. 

I  am,  sir,  your  obedient  servant, 

(Signed.)  Fred'k  T.  Frelinghuysen. 

A  comprehensive  scheme  of  classification  has  been  carefully  elabo- 
rated; a  system  of  rules  and  regulations  to  govern  the  internal  manage- 
ment of  the  exhibition  has  been  adopted ;  provisions  have  been  made 
in  the  interest  of  intending  foreign  exliibitors,  to  relieve  them  of  all 
trouble  in  respect  to  the  passage  of  their  exhibits  through  the  Custom 


April,  1884,]  PrijceediufjM,  etc.  319 

IIouk;,  and  lor  the  ))ni|K.T  retvptioii  aixl  aiix-takiii^  of  th«.*  same  on 
tlicir  arrival;  and  arrarij^fiiii-iit.s  have  lx*<'ii  riiadi-  with  a  mimlMr  "f 
tli<-  leading  tniiMjK>rtati<»ii  coiiiiKiiiics,  to  n-tiirii,  t'n*  ot'  rlmrL"'.  _'  -  '- 
on  wliii  li  freiglit  cliarj^tt*  have  l)et!ii  paid  one  way. 

Tlu!  al»ov<'  iidorniation,  ex|»resH*<l  in  <letail,  has  Um-o  puhh-^lMtl  hi 
the  form  of  a  tw«-lve-}>a^e  jminphlet,  which,  with  a  Idank  fonn  ot 
ajiplieation  tor  Hpace  hiw  Ixjen  insue*!  in  the  Kn^liHh,  Fn-iu-h  and  Ger- 
tniiii  hmj^nau'"^,  !"id  exten.sively  cireuhited  in  the  Unite*!  States  ami 
ihroufjhout  Euni|H'. 

There  are  evidences  at  this  time  even,  to  indi<-ate  that  the  exhihition 
will  be  one  of  nnusuatl  interetst  and  value.  The  active  |iartici|iation 
of  several  of  the  Hicntitic  hureaux  of  the  L'nitiil  Stati-s  fiovernm.  n' 
and  of  all  the  hudiiij;  electric:tl  coinitanie^  is  as»ure«l.  Nunnr. .11- 
iiKpiiries  both  from  official  and  |»rivate  wnirces  have  Ix.'en  receive<l 
from  abroad,  an<l  interesting:  and  valuable  contributions  from  Kun>{K-:in 
countries  are  contidently  Mnticipat*-*!. 

The  circular  of  information  herein  referrwl  to,  with  blank  forms  of 
applic:ition  for  space,  nuiy  W'  obtainttl  in  the  Kn^lUh,  Freiu'li  or  (ier- 
rnan  lan^na^es,  by  addn-ssin^  a  re<pj«-r«t  therefor,  to  theStvretary  «»f  the 
I'ranklin  Institute.  W. 


F  r  a  n  k  1  i  11     1  n  s  t  i  t  u  t  e 


[Proceedinga  of  the  Stated  Mertinfj,   Wcdnetday ,  March  19,  1«H4.] 
iIam.  of  tiik  Inktititk,  Manh  15>,  ISSI, 

The  meeting  was  cjdU^l  to  orvler  at  the  usual  hour,  with  the  I'n'si- 
dcnt,  Mr.  Wm.  P.  Tatham  in  the  chair.  There  were  pn>^>nt  \(\^ 
mend)ei*s  and  12  visitors.  The  minutes  of  tlu'  Februarv  mcvting  wen* 
rejid  and  approve*!.  The  Actuar}'  sultmittet!  the  minutes  of  t!ie  lioan! 
of  Mima^ci's,  and  n'|>ortei!  that  at  the  stat***!  mectinjj  lield  Wctliu->- 
day,  March  12th,  ISMI,  I't  (H'rsiins  liad  In'on  elwtw!  to  memUr-hip. 

T!»o  Sivretary  re|»orte<!  tliat,  pursuant  to  in.xt  met  ions,  he  ha*!  traiLsed 
tlu'  ])rop(»s*>»l  amendment  to  Article  III,  Section  3,  of  tlie  Hy-I^ws, 
oHerc*!  by  Mr.  Sartain,  at  the  hu**t  statw!  nuvtin^,  to  Ih*  a*!vertis«^! 
weekly  in  two  of  the  daily  newspji|>ers.  Tlie  amendment  in  i]u«-stion 
prt»lHi8ts  tlie  addition  to  .Vrtide  III,  Section  3,  of  the  words  ** pro- 
v'ulol,  that  no  |tiiyment  Uws  than  tlu'  fidlcMntribution  for  one  yetirslial! 
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entitle  the  member  to  admission  to  the  exhibitions."     The  amendment, 
after  some  debate,  was  unanimously  adopted. 

Mr.  S.  Lloyd  Wiegand  then  read  a  paper  embodying  the  results  of 
the  bursting  of  the  model  of  the  Gaffney  steam-boiler  at  the  previous 
meeting,  and  commented  thereon,  illustrating  his  remarks  by  the  exhi- 
bition of  a  portion  of  the  wreck  of  the  original  Gaffney  boiler,  and  by 
lantern  slides  exhibiting  the  setting  and  connections  of  the  same,  and 
the  fragments  of  the  broken  cast-iron  head,  showing  the  character  of 
the  fracture.  A  summary  of  Mr.  Wiegand's  remarks  will  appear  in 
the  Journal.  The  paper  was  discussed  by  Mr,  J.  W.  Nystrom,  Mr. 
Washington  Jones,  and  the  author. 

Dr.  W.  F.  Duncan,  of  New  York,  then  explained,  by  invitation,  the 
system  and  apparatus  of  the  "National  Anti-Sewer  Gas  Company."  The 
plan  of  the  company,  briefly  stated,  embraces  the  adoption  of  the  system 
of  plumbing  approved  by  the  municipal  authorities  of  New  York,  and  ^ 
system  of  cleansing  the  pipes  and  traps  with  specially  devised  flexible 
brushes,  and  of  disinfecting  the  same.  The  method  and  apparatus 
are  adapted  also  to  any  kind  of  plumbing.  The  company  proposes  to 
periodically  inspect  the  plumbing  of  buildings  placed  under  its  charge 
and  to  keep  the  same  in  safe  condition. 

The  Secretary's  report  embraced  remarks  respecting  the  present  state 
of  arrangements  for  the  forthcoming  International  Electrical  Exhibi- 
tion of  the  Institute  (a  summary  of  which  appears  elsewhere  in  the 
Journal);  an  account  of  some  ingenious  improvements  in  the  methods 
of  working  the  metal  iridium,  devised  by  Mr.  John  Holland,  of  Cin- 
cinnati ;  a  criticism  of  some  highly  extravagant  publications  respecting 
the  cheap  production  of  aluminium;  and  a  description  of  a  number  of 
mechanical  and  other  novelties  presented  for  exhibition.  Of  these  the 
more  important  were:  A  duplex  steam-hammer  invented  by  Ed.  B. 
Meatyard,  of  Lake  Geneva,  Wis.;  a  cloth-measuring  machine,  the 
invention  of  Fred'k  Sanderson,  of  Friend,  Neb.,  consisting  of  a  pair  of 
rubber-tired  wheels  attached  to  the  edge  of  a  table,  and  to  the  axle  of 
which  is  connected  a  train  of  clock  work  carrying  an  index,  which 
exhibits  in  yards  or  any  desired  measure,  the  length  of  cloth  passed 
under  the  wheels,  the  rubber  tires  preventing  slipping.  There  were 
also  shown  for  the  manufacturers,  Messrs.  Courteney  &  Trull,  of  New 
York,  specimens  of  " gelatinized  fibre,"  adapted  for  various  uses;  and 
the  asbestos  boiler  and  pipe  covering  of  the  Chalmers-Spence  Company. 

Adjourned. 

William  H.  Wahl,  Secretary. 
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tin:  most  economical  point  of  crr-oFF. 


Hv  Hr.  \'<ii,«iN  \\'<M.i'. 


In  I'oinplying  with  Professor  Marks'  n-rjuest  in  the  hwt  Fel»nmr\- 
lunnU'r  of  this  Joi  knai.,  I  lioj>e  to  ivni<ivf  the  j;n»nn«ls  for  thf  inijui- 
tatioii  of  any  nnfairness  wliirli  h«'  has  U'en  phiisetl  to  inipiitt-  to  me. 
In  his  coniinnnieation  of  DweniU'r  Inst,  o<|itation  (1)  is 

Mean  etl'wtive  pressure  X  V 
'         Cost  steam  -f  <"<»nstant  rharps  —  valne  save<l  hy  compres»iou  ^  ' 
and  eqnation  («>)  (Ie<lnc«'<l  from  (1)  !< 


.'/  = 


.n[i+iog.-,--J-^[>-6(«  +  iog.|)] 


(«) 


+  §{'n[i+i"R.-,—*]-[«-*0 +  '■«•&]-*?; 

The  soi«on«l  term  of  the  denominator  of  ei|nation  (0  is  constaiU 
charges,  while  the  se«M»n«i  ttrm  i>f  thr  denomination  of  it{nation  ^♦J)  is 
a  funetion  of  c,  a  variahle.  This  apfKiri'ntly  chancres  the  eharaeter  of 
e«|nation  (H  and  rtHjnin->  explanation.  We  find,  h«>wever,  if  hi-  ejc- 
phiins  that  point,  an<l  if  we  admit  his  :Ls*<umption  that  his  "  r^t  etilltti" 
constant  eharjres  an-  a   Iraetion   only  of  the  cost  of  stconi,  that  thev 
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will  disappear  in  determining  the  maximum  of  his  expression  as  he 
claims ;  for  it  is  equivalent  to  a  function  of  the  form 

y  -  F{^)  +  af{<p)  +  c' 
from  which  we  find  for  a  maximum,  the  relation, 

iF{<p)  +  af{<p)  +  c]f\<p)  -f{^)[F '  {<p)  +  af'{<p)]  =  0 ; 
or  F{<p).  f\<f)  +  cfi^)  -/(^).  F'{<p)  =  0 ; 

from  which  a/(cr)  has  disappeared ;  and  it  is  apparent  from  the  pro- 
cess that  the  only  law  which  will  cause  the  second  term  of  the  denomi- 
nator of  the  fraction  to  disappear,  is  to  make  the  ratio  between  it  and 
the  numerator  constant.  If  this,  then,  were  the  only  law,  there  would 
be  no  other  solution.  If  there  be  any  variation  from  this  law,  my 
conclusion,  that  the  solution  is  special,  is  correct. 

In  the  last  February  number.  Professor  Marks  states :  "  That  the 
constant  charges  are  dependent  solely  on  wages,  cost  of  oil,  interest, 
insurance,  taxes  and  probable  deterioration  of  machinery,  and  inde- 
pendent of  all  else." 

"  The  person  designing  an  engine  knows  what  horse-power  is  ex- 
pected of  it." 

On  page  82,  he  says:  "  How  is  John  Doe  to  get  150  horse-powers 
for  the  least  sum  of  money  ?"  "  There  is  no  answer  save  this :  by 
using  the  least  possible  steam  per  horse-power  per  hour." 

On  page  84 :  "  I  have  assumed  John  Doe  to  be  a  manufacturer, 
who  wishes  to  do  that  thing  which  at  the  end  of  one  year  or  ten  years 
is  most  profitable,  and  not  a  person  cramped  for  capital." 

The  problem  before  us,  then,  is  the  designer's  problem,  and  not  the 
ovmer's  problem.*  John  Doe  having  confidence  in  the  Professor,  se- 
cures his  services  in  selecting  the  engine  which  will  be  the  most 
economical  for  delivering  150  horse-powers  for  ten  years.  From  the 
known  initial  pressure  (say  90  pounds),  the  back  pressure  (say  5  pounds), 
and  the  clearance  (which  he  assumes  to  be  small),  he  finds  by  means 
of  equation  (8) 

^  ""  Pb  ""  90  T8  ' 

*  The  designer's  problem  consists  in  making  an  engine  which  will  deliver 
a  given  number  of  horse-powers  most  economically;  the  owner\s  problem 
consists  in  delivering  the  greatest  number  of  horse-jjowers  from  a  given 
plant  with  the  most  profit  to  the  owner.  When  the  designer  has  properly 
solved  his  problem,  it  is  merged  into  that  of  the  owner's. 


%1 
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for  the  approximate  value  of  the  cut-oH";  aixl  f«>r  a  more  acrurate  value 
il\\^l\\        I..,.  ')]  n  1 

-*  b 

which  for  watit  of  data  we  cannot  re<hice  nunjeri«':illy,  an«l  hen«t'  will 
assume  it  as  yJj,  <»r  even  j^^.  The>«.*  nn-n  g<»  into  the  market,  an<l  with 
the  ^iven  datii,  the  Professor  sclet-ts  the  iMiginu  that  will  prtxliu-e  the 
1 50  horse-powers  "  by  xuting  the  It-a-nt  piMtnihlf  nt'-am  jtcr  hortie-jtoirrr  y>*r 
hour  ;"  excepting;  that,  for  commercial  rejL>*ons,  he  quietly  »L"it»  a  cut- 
off of  j^j^*  as  the  iKisis  of  selc<-tion. 

Dt>e  learns  from  Smith,  the  proprietor,  that  the  price  is  $4,(XK). 
Doe  questions  the  wisdom  of  putting  so  unwU  money  into  an  enjrine 
for  his  business — at  any  rate,  he  intends  to  see  if  he  (•:uinot  do  l)etter. 
Smith,  desirous  of  securing  a  customer,  after  learning  the  capacity  of 
the  engine  desiretl,  offers  one  for  $3,()0<>,  which  he  guarant«i's  will 
deliver  the  requirctl  power.  Mr.  I)<x»  then  enters  into  a  couver«<ition 
with  these  men,  which  we  may  imagine  runs  as  follows: 

Dae.  Do  you  think,  Professor,  that  the  smaller  engine  will  do  mv 
work  ? 

Profr.ssor.  I  have  no  douht  ot'  it  ;  l>ui  it  will  tiKt  vou  more  lor 
steam,  every  day  you  us<'  it,  than  the  larger  one;  and  I  snp|>ose  vou 
want  to  get  your  steam  for  the  least  money  ;  and  I  have  showni  in  my 
puidications  that  the  «'heape<!t  «'ngine  in  the  long  run  is  one  "that  trill 
Hue  the  leant  ponsihle  sfeani  per  horse-potrer  per  Imur"  -iiid  f!"'  lo-,r,.r 
engine  will  do  it,  and  the  smaller  one  will  not. 

Doe.  Ste:un  !  I  have  my  hoi krs  set,  and  they  will  furnish  the  ste:im  ; 
it  is  an  engine  I  am  now  at\er. 

Profesnnr.  Yes,  my  go<Hl  sir,  l»ut  do  you  not  understand  that  to 
make  steam  requires  fuel,  and  fuel  ctiets  money  ;  and  an  engine  that 
U.SCS  more  steam  than  is  ne<'<ss;iry,  w:L><tts  money  ;  and  although  this 
apjx*:»rs  evident,  some  writers  "  have  (h"<vive<l  themselvi^,  an»l  |H'rjH> 
tniteil  the  ahsunlity  of  saying  that  you  c-an  sjive  money  bv  using  more 
steam   than    is  rwilly  nect^sjir)'  t»)  do  the  work."     (Feb.,  1S84.  p.  S3.) 

Doe.  My  gmnl  friend,  you  may  yet  regret  criticLsing  tht>*o  writers 
in  this  maimer;  for  sometimes  it  is  economy  to  tra/ite.  For  instano«',  I 
could  haves!ive<l  $1,(XK)  in  building  and  stwking  my  shop  had  I  lieen 
six  months  longer  about  it ;  but  the  interest  aloue  would  amount  to 


*  Joi'U.N.vi,  Fk.ankhx  IxsTlTl'TK,  Dw.,  1883,  ami  Jan.,  iSJiH.  j».  41. 
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more  than  that,  and  I  expect  to  make  twice  that  amount  in  that  time. 
It  is  barely  possible  that  those  writers  saw  that  by  losing  in  the  cost 
of  steam  they  could  gain  more  at  some  other  point  in  this  problem. 
But  never  mind  that  now,  for  we  must  select  our  engine.  Please  tell 
me  how  the  smaller  engine  can  do  the  work. 

Professor.  By  cutting  off  later  in  the  stroke.  By  following  the 
piston  with  the  full  pressure  of  the  steam  further  in  the  stroke,  more 
power  will  be  secured ;  but  by  so  doing  you  will  reject  more  heat  in 
the  steam  at  the  exhaust,  thus  requiring  a  larger  amount  of  steam,  and 
as  we  have  said,  more  fuel  to  do  the  same  work ;  and  I  suppose  you 
want  to  get  your  150  horse-powers  "by  using  the  least  possible  steam 
per  horse-power  per  hour/'  and  this  will  govern  the  point  of  cut-off, 
and  consequently  the  proper  size  of  the  engine  to  be  selected. 

Doe.  But  this  $1,000  difference  in  the  first  cost  is  too  great  for 
delivering  the  same  power.  Mr.  Smith,  I  think  your  price  of  the 
larger  engine  is  too  high.  Our  Professor  says  :  "  The  cost  of  an  engine 
is  not  proportional  to  the  size  of  the  cylinder,  but  rather  to  the  amount 
of  labor  put  upon  the  engine  as  a  whole.  (February  1884,  p.  84.) 

Smith.  The  Professor  is  dealing  in  "  general  assertions  ;"*  he  ought 
to  give  "'  some  law,  equation,  or  example."  He  does  not  even  intimate 
whether  the  work  put  upon  an  engine  as  a  whole,  in  practice,  bears 
any  relation  to  the  volume  of  the  cylinder.  Should  I  charge  you 
$5,000  for  the  larger  engine,  it  might  not  conflict  with  his  statement. 
The  fact  is  he  denies  the  existence  of  one  element  of  cost,  but  in  tlie 
same  sentence  admits  another  element,  which  opposes  his  own  denial. 
My  experience  in  the  business,  and  observation  of  general  practice, 
enables  me  to  say,  confidently,  that  the  cost  of  well-made  engines 
varies  with  f  the  volume  of  the  cylinder ;  that  is,  an  engine  wdth  a 
large  cylinder  costs  more  than  with  a  small  one.  I  am  able  to  refer 
you  to  some  tabulated  results  on  this  point  by  Professor  Trowbridge, 
in  the  Transactions  of  the  American  Society  of  Mechanical  Engineers 
for  1882,  page  231,  and  of  remarks  thereon  by  Professor  Thurston, 
ibid,  1882,  Vol.  Ill,  p.  289,  showing  that  for  engines  above  50  horse- 
power, the  cost  is  approximately  as  the  volumes  of  the  cylinders.  The 
fact  is,  Professor  Marks  advocates  a  short  cut-off,  and  requires  a  cor- 
respondingly large  cylinder.     You   could    probably  get   200   horse- 

*  February,  1882,  p.  81. 

f  In  the  January  number  I  used  with  in  the  sense  of  a  functional  relation, 
without  deciding  whether  the  relation  was  direct  or  inverse.  D.  W. 
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powere  out   of  thf  one  he  ha^  sclocUtl,  other  things  Ix-ing  pn)|K'rly 
|)ro|)ortioiH,'«l. 

Proft'ASSOr.    All    tin-    <l<;il«l-    iIimil"-    i"    '''-i'    \\:«\.  riml     I    -ii|t|».»~€'    w.- 

roust  Hubniit  to  it. 

Doe.  The  (jiie?ition  ol*  the  riit-oll  j;row»  in  inli-ru«l.  I  fsee  our  Pro- 
fessor says:  "The  j>oint  of  <'Ut-otI'  has,  |>r.ieti«":illy,  nothing  to  do  with 
the  <'on«tant  charges,  save  so  far  ;ls  it  «leterniiner-  th**  volume  of  the 
cylinder  riMjuirtnl." 

Smith.  I  <lo  not  pn-surui'  to  uinhr-tan<l  all  that  i-  writt«ii  alM.ut  the 
cut-ofl";  hut  there  is  something  amusing  in  thi."«  statement  of  the  I'ro- 
fe»8or.  As  l)efore,  he  denies  one  proposition,  and  then,  in  my  opinion, 
admits  another  element  which  op|xis4's  his  (h-uial :  for  in  my  opinion, 
the  size  of  the  lylinder,  involving  as  it  <loes  the  e<Ht  of  the  engine, 
does  att'eet  the  ecr)nomical  |)oint  of  cut-ort  by  making  the  constant 
charges,  so  (ii11(h1,  ditterent  from  what  they  otherwise  w«»uld  Ik*;  for 
the  truth  of  which  I  a|)|>eal  to  you  in  the  <ase  of  the  two  engints  now 
iK'fore  you.  The  consideration  of  the  theoretical  etfe<-t  of  constant 
charges,  I  h^ive  to  the  I'rofe.->«.r.  Tiiere  is  another  |>€culiar  expression, 
"the  volume  ot"  the  cvlinder  is  determim-tl  hy  the  constant  <-harg«-s." 
I)t)es  the  Professor  come  here  with  the  constant  charg«'s  known,  and 
select  a  cylinder  such  that  the  interest,  rejiairs,  etc.,  thenNin  will  pnv- 
duce  these  <'h:irges  / 

Projemor.  I  should  have  siiiil  that  tlu'  «'oustant  chargtrs  are  dejK'ndeni 
npon  the  vohnne  of  the  cylinder. 

Doe.  Exactly.  Yon  have  now  touche<i  a  pnicticsil  |K)int ;  ft>r  I 
<lesire  to  make  those  constant  charges,  as  you  call  them,  as  small  :ls  I 
can,  for  I  will  Im'  oldignl  to  pav  for  them  in  s*»me  way. 

l\ofeMor.  hut  ienjend>er  that  tlu'  lot)  horse-powers  will  c»»'t  you 
more  for  fuel  with  the  smaller  engine. 

Dot'.  How  much  more".'  1  am  willing  to  ton*-  on  the  «-ost  ol  st«im, 
if  I  can  save  more  on  these  constant  charges.  This  $1,0(H)  in  Hrst 
cost  ought  to  have  S4»m»'  intluence  on  the  ultimate  iitmonu'. 

Profetw{>r.  It  would  seem  so  at  first  sight,  hut  I  have  c«»usiilerei!  a 
case  in  my  disciLssion  of  this  suhjtvt.  1  oliservwl  that  by  saving 
$1,(XH)  in  Hrst  cost  of  the  engine,  you  w>idd  affoni  to  ex|>end  more 
money  in  pnxlucing  st»'am  ;  but  to  raise  more  steam.  »HMnt>mi«-ally, 
w«»uld  reijuiiv  larger  Intilers,  and  so  there  would  Ih"  ni>thing  saved. 
(Feb.  1884,  p.  84.) 
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Doe.  Now  you  have  introduced  another  element  into  the  problem. 
Does  the  capacity  of  the  boilers  affect  the  point  of  cut-oif  ? 

Professor.  Not  according  to  my  theory,  for  they  enter,  if  at  all,  as 
constant  charges  (the  conclusion,  however,  being  said  hesitatingly  after 
the  remark  above  by  Smith). 

Doe.  But  it  a})pears  to  me  that  you  reached  your  result  very 
abruptly.  You  speak  definitely,  of  saving  $1,000  and  $3,000,  and  then 
quickly  conclude  that  "  we  can  safely  set  oif  against  any  possible 
saving  effected  by  diminishing  the  size  of  the  steam  cylinder,  the 
greater  cost  of  increase,  logically  required,  in  the  size  of  the  boilers." 
(P.  84.)  I  see  no  figures  to  substantiate  this  conclusion  ;  did  you  work 
it  out  thoroughly  ? 

Professor.  I  did  not  compute  it  very  accurately,  but  you  will  readily 
see  that  an  engine  requiring  more  steam  may  require  larger  boilers. 

Doe.  Not  necessarily  so,  for  it  might  be  economy  to  lose  on  the  fuel 
and  save  the  cost  of  enlargement.  Suppose  that  the  interest,  repairs, 
etc — "constant  charges" — are  16  per  cent,  on  this  purchase,  I  would 
save  $160  per  year  if  the  smaller  engine  will  answer.  If  my  boilers 
are  somewhat  under  size,  perhaps  $50  per  year  extra  in  fuel  will  supply 
the  steam,  in  which  case  there  will  be  a  decided  saving.  Please 
examine  these  specifications  of  my  boilers  and  inform  me  if  they  have 
sufficient  capacity  for  the  smaller  engine. 

Professor  (after  figuring).     They  will  answer. 

Doe.  The  boilers  being  out  of  the  question,  does  it  not  follow,  from 
your  own  reasoning,  that  it  may,  and  probably  will,  be  more  econo- 
mical for  me  to  purchase  the  smaller  engine. 

Professor.  Well,  it  appears  so ;  but  I  still  assure  you  that  the  large?'- 
engine  will  give  you  the  150  horse-powers  with  less  cost  for  fuel  than  the 
mialler  one. 

Doe.  My  good  friend,  why  do  you  continually  bring  to  the  front 
that  proposition.  I  take  a  broader  view  of  this  transaction.  It  is  not 
steam  I  want  to  save,  but  money.  "  I  am  a  manufacturer,  who  wishes 
to  do  that  thing  which  at  the  end  of  a  year,  or  ten  years,  is  most  profit- 
able "  (p.  84) ;  and  your  theories  are  not  worth  the  paper  they  are 
printed  on,  if  they  tend  to  mislead  me. 

Professor.  But  I  have  shown  in  my  writings  that  "  your  only  oppor- 
tunity of  saving  money  lies  in  saving  steam  per  horse-jjoiver  per  hour.'* 
Here  it  is  in  the  last  February  number  of  the  Jouenal  of  the 
Franklin  Institute,  page  83. 


\^ 
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Doe  (rcwliii^).  I  ><•<.•  y«)ii  iiiakf  the  a-NHt-rtion,  hut  I  do  not  see  the 
ar^utnerit.  Y<>«i  hav<'  as«*<'rtMl  that  th«-  sjivitij;  in  •-♦iHt  of  cn^riiu*  nm~t 
Ik."  exjK'txht]  in  iiicrcjLs<'<l  (iiKt  of  Ixiih-rs,  or  fufi,  (»r  lioth,  hut  this  ncitlB 
contlrniatiiMi  ;  hut,  fortunutoly,  in  «ny  iiv^e,  the  U>iU'n*  an?  out  of  the 
question.  Now  are  you  not  forttnl  to  admit  tliat  it  will  lie  e<x)norny 
for  nic  to  purcha-se  the  Hnialler  engine,  pntvithtl  I  Mive  annually  ^160 
in  interest,  repairs,  etc.,  and  exp«nd  .'?HK»  more  for  luel,  tiiun  I  would 
if  usinj;  the  larger  engine 

ProfiMMdr.   -Vs  you  put  it  1  muHt  admit  it. 

I)of.  lint  the  smaller  en^im-  has  a  longer  eut-ofl  than  y<»ur  tht-or)' 
givey;  must  you  not  admit  that  thes<'  ehargcs,  of  interest,  re|»air»,  etc. 
influence  the  most  «tonomical  |>oint  of  eut-ott"? 

l^oft'MSor.  Well  . 

Doe.  Never  ndnd,  it  i.s  not  njy  obje<'t  to  embarni.s*i  your  theories,  but 
to  selwt  an  enjjinc. 

PrafcHMor.  Milt  I  <|nestiot)  the  act'uniey  of  your  estimate  f<»r  »xtni 
COHt  of  fuel. 

Smith.  Here  are  some  figun-s  taken  fnim  our  actual  pnictitv.*  To 
deliver  150  hors«'-|M»uers  at  S(»  llw.  Uiiler  prevsuiv,  re»|uirex,  at  ]  cut- 
ort'  17'7  IIh.  of  steam  jht  hors«'-jM)wrr  prr  hour:  at  I  <iit-<'iV.  Is  ll»>. 
(»f  Ht<iun  ;  at  jl,^  cut  otV  2'>*.'J  llw. 

J>ne  and  PrdfiAsnr.  What  I  nmre  steam  for  the  ohorter  »  ut-otl".  I^t 
us  see  the  figure?*,     (Mu>in^ly)  that  is  s«». 

Doe.  Then  even  the  cost  of  steam  is  in  favor  of  the  smaller  eiigine. 

Smith.  The  difVereiiee  is  ehiefly  due  to  the  (condensation  i»f  tlie  stcstni 
in  the  cylinder.  Where  ex{t:uision  is  10  or  more  the  condensation 
must  ln>  considenihle,  and  I  woidtl  not  U*  'itirpristij  to  h-ani  that  it 
even  cxceeiled  the  lar^>st  figures  here  given. 

PrnOsMor.  This  l»H»ks  suspiciotis  ;  ftir.  tiuiMt  tu-allv,  thr  i  n;^inr  of 
my  scliH'tiou  should  mpiire  onlv  l.'VS  |M>un<l-.  and  tin*  >mallir  onr  1.*)mI 
pounds. I 

Smith.  I  have  here  sonu-  tables  of  i^MuK-usal ions, ^  giving  the  lati>t, 
and  }H>rha|»s  the  nu>st  reliable  informati«tn  on  this  |K>int.  The  [kt- 
irntage  of  the  whole  (^»nsumption  of  teeil-water  at  ^^  c«t-<»fl'  is  42  ; 
at  /ff,  34  ;  at  k,  29;  at  ^,  2«> ;  at  |,  21.  Will  the  IV.ft*«or  rtiktdutc 
what  die  actual  consumption  should  lie  aocorxliiig  tu  thcNe  figurus? 

•  Clnnilur  <»f  Iluokeye  Kntrint*  Co. 

t  /firm. 

I  Hnrrus  on  TRl*or'«  Stcnm  Indicator. 
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Professor  (figuring).    At  ^  cut-off,  13-8   (l  +  — — \  =  20-91 

1  + — I   =  21*07  pounds.      This 

100—26/  ^ 

gives  20*91  pounds  for  the  hirger  engine,  and  21*07  pounds  for  the 
smaller ;  figures  very  different  from  those  produced  by  Mr.  Smith, 
and  favorable  to  the  larger  engine. 

Doe.  How  much  will  the  difference  amount  to  per  year? 

Professor.  (21*07  —  20*97  =  016)  X  150  IP  X  10  hours  X  300 
days  -=-  1,000  =  72  thousand  pounds  of  steam,  which,  at  25  cents  per 
thousand,  will  be  $1 8  per  year.  But  the  authors  differ  considerably 
in  regard  to  the  results  of  condensation.  I  see  in  Barrus'  book,  from 
which  you  took  the  above  figures,  that  the  difference  in  favor  of  the 
larger  engine  is  for  -^  and  ^  cut-off,  respectively,  0*97  of  a  pound  of 
steam  per  horse-power  per  hour,  making  a  difference  of  about  $110 
per  year  from  this  cause  only. 

Doe.  I  see  that  there  is  a  possibility  of  considerable  loss  from  this 
cause,  but  the  most  unfavorable  showing  does  not  equal  the  $160 
saved  in  "  constant  charges,"  and  I  have  decided  to  order  the  smaller 
engine. 

Professor.  But  does  not  your  view  of  the  case  warrant  you  in  order- 
ing a  still  smaller  one  ? 

Doe.  Possibly ;  but  the  practical  result  is  this :  you  selected  an 
engine  according  to  your  theory ;  Mr.  Smith  selected  another  accord- 
ing to  his  genera]  ])ractice,  and,  by  the  help  of  both  of  you,  I  have 
satisfied  myself  that  Smith's  is  the  more  economical  engine  of  the  two 
for  me  to  purchase  for  my  business.  If  another  size  were  selected, 
we  would  apply  to  it  the  same  mode  of  reasoning,  and  ascertain  if  the 
money  saved  by  the  interest,  repairs,  etc.,  equaled  that  lost  by  fuel  and 
other  conditions;  and,  by  trying  a  few  engines  in  this  way,  we  would 
at  last  find  one  which,  for  such  a  cut-off  as  would  deliver  the  required 
horse-powers  with  the  given  steam  pressure,  would  be  the  most  econo- 
mical for  me  to  purchase,  considering  first  cost,  cost  of  fuel  and  con- 
stant charges.  Such  an  engine  is  said  to  have  "  the  most  economical 
point  of  cut-off."  Your  method,  apparently,  does  not  contemplate 
this  process,  and  evidently  needs  revision. 

The  Professor  retires,  disappointed  at  the  result.  His  rule  had  not 
purchased  the  engine,  and  his  theory  had  received  some  fatal  blows. 


v» 
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On   liis  way  he  met  a  friend  who   had   given   some  attention  to  the 
j)rol)lcm  of  the  ciit-rjU',  and  they  cntereil  into  a  ('niivers;itif>n. 

ProJesHor.  Would  you  Iwliiiv*-  if.'  John  I)«>e  lia-s  ju.st  purc-iia.-«d 
an  engine  for  his  shop  tliat  will  co.-t  him,  sjiy  $1(K)  per  year  more  for 
steam  than  it  woidd  for  a  ("crtaiii  uthcr  i-iigine  wliich  I  .selected  for 
him. 

Friend.  I  lliought  Jcjhn  Doe  was  a  shrewd  l)U.<ines>j  man.  How 
did  it  hap|)en? 

Professor.  Smith  ronvinoo<l  him  that  it  would  !»••  mon-  cconomieal 
for  him  in  the  l^*ng  run. 

Friend.  These  .salesmen  are  .sharp  ;   hut  what  arguments  did  he  u.se? 

Professor.  AN'hy,  he  couvinctHl  him  that  his  sjiving  in  interest, 
repairs,  (Itttrinratiou,  oil  and  wages  wuiild  (•\c»'«mI  thf  <\tni  c.-t  fur 
fuel. 

Friend.   \\'vl>  not  that  oorreet  ? 

Professor.  Really,  I  could  not  gjiinsay  it,  with  the  conditions  and 
figures  thcygjjve;  hut  it  gives  a  very  different  value  for  th*'  <ut-ofl' 
than  ll)un(l  l»y  my  tln'ory.  1  have  insisted  that  the  "constjuit  charges'' 
disappear  in  determining  the  proper  point  of  cut-off;  hut  ai'«'«>rding  to 
their  showing  they  have  consider.iMc  influence.  Doe's  Ixiilcrs  are 
already  .set,  and,  fortunately  f«tr  hiu),  they  prove  to  be  large  enough  to 
furnish  the  nnpiired  steam  e<'onomicjdly.  Il.id  they  Inrn  much 
smaller,  he  would  have  \yccu  obliged  to  have  taken  the  engine  of  my 
selection,  or  expen<led  all  he  saved  on  the  engine  in  putting  in  larger 
boilers. 

Friend.  Exactly,  an<l  I  have  noticed  your  ditlicultv  on  thi~  |>oim. 
The  problem  is  one  of  maxima  and  minima,  and  the  fact  i-  you  have 
assumed,  beforehand,  certain  quantities  jis  constant,  which,  in  the  pn>- 
ce.ss  of  designing,  are  variables  ;  and  these  you  enter  in  your  tunetion 
before  seeking  the  maximum,  which,  as  a  mathematiatl  o|>cratiou, 
you  know,  even  l>etter  than  I,  to  be  errontHjus,  and  will  fail  to  give 
the  true  maximum.  Your  admi.ssion  just  made  in  reganl  to  the  l>oilers 
is  fatal  to  your  theory  ;  for  it  shows  that,  in  tlesigning  an  entire  j)lant, 
the  most  ei-onomicjil  point  of  eut-ofl"  will  inv»»lve  the  fir>t  cost  of  the 
boilers  while  you  dei'laiv  it  to  l>e  inde|K>ndent  of  all  such  consitlcra- 
tions.  You  have  ']\iM  si'en,  also,  that  aft«'r  they  are  set,  it  has  ha«l  its 
influence  in  seUH-ting  the  engine.  Again,  you  say  "0=  th«'  constant 
charges  in  dollars  and  cents,  and  is  a.ssumed  to  remain  <^»nstant  af\er 
once   l>eing  fixtnl   u|>on."      (Feb.,   1884,  p.  85.)     Plejf*e   inform   me 
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how  you  could  fix  the  charge  for  interest  before  you  knew  the  cost  of 
the  engine. 

Professor.  I  assumed  that  "  the  constant  charges  may  be  determined 
regardless  of  the  cost  of  steam."     (Feb.,  1884,  pp.  83  and  84.) 

Friend.  The  answer  is  rather  evasive ;  for  I  referred  to  the  cost  of 
engine — not  of  steam ;  but,  as  they  are  in  a  measure  related,  I  will 
say  that  your  assumption  is  not  admissible.  The  smaller  the  engine, 
the  less  the  first  cost,  and  the  interest  on  the  money  correspondingly 
less ;  while  the  cost  for  steam  will  be  more  so  that  this  quantity — 
which  you  have  consideral  constant — varies  invejsely  with  the  cost  of 
steam.  Similarly,  the  cost  for  repairs  and  deterioration  vary  in  the 
same  sense  but  not  in  the  same  ratio,  nor  necessarily  according  to  the 
same  law.  After  the  engine  is  set,  the  interest  is  fixed,  whether  the 
engine  be  run  200  or  300  days,  or  if  it  be  run  night  and  day ;  while 
the  repairs  will  depend  chiefly  upon  the  amount  it  is  used.  I  am 
aware  that  the  problem  involving  such  contingencies  cannot  be  solved, 
but  I  mention  them  to  show  more  clearly,  if  possible,  that  the  proper 
point  of  cut-off  is  not  independent  of  these  things. 

Professor.  But  you  must  admit  that  after  the  engine  is  set,  all  the 
charges  which  can  be  considered  constant  are  fixed,  and  must  be  some 
"  fraction  of  the  mean  effective  pressure."  That  John  Doe,  after  "  his 
purchase  and  arrangements  are  made,  has  done  with  constant  charges, 
and  must  look  to  economy  of  steam  as  the  only  means  of  saving 
money."     (Feb.,  1884,  p.  83.) 

Friend.  I  think  our  friend,  John  Doe,  will  not  agree  wnth  you.  He 
will  inform  you,  even  after  his  engine  is  set,  that  he  "  has  not  done 
with  constant  charges,"  that  he  finds  a  continual  draft  on  his  purse  for 
interest,  repairs,  oil,  insurance  and  taxes ;  and  that  he  has  no  commen- 
dation for  the  man  who  fixes  one  dollar  upon  him  unnecessarily. 
True,  if  he  has  been  mislead  in  his  purchases,  and  been  made  to  pay 
an  unnecessary  amount  in  first  cost,  he  will  be  obliged  to  endure  it ; 
but  it  is  wiser  to  consider  all  these  elements  before  the  purchase.  But 
your  plea,  that  they  become  fixed  after  the  purchase,  is  fallacious  from 
a  mathematical  point  of  view ;  you  might  as  well  argue  that  the  cut- 
oflP  becomes  fixed  after  you  have  found  it,  or  that  any  other  element 
is  fixed.  It  is  unnecessary  to  argue  this  point;  it  is  only  necessary  to 
convince  you  that  these  so-called  "constant  charges"  are  variables  in 
the  process  of  designing,  to  cause  you  to  abandon  your  rule,  giving  as 
it  does  a  cut-off  of  -^  to  -^y  which  you  have  insisted  up  to  the  present 
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time  to  1)0  "  practically  ar<-unUo  within  the  widcHt  ran^',"  after  estab- 
lishing ccTtain  rciati«in.s  in  n-j^inl  to  the  nti-arn.  (Jan.,  IHS-I,  p.  1.) 
When  thiw  e<tnvince<l,  y<»u  will  admit  tliat  "  ei-onomy  of  fluid  "  it< 
only  one  element  of  the  gem-nil  pmhlom  of  economy  ;  that  by  saving 
Bteam  only,  you  will  lose  money.  You  will  then  «ee  that  your  arraign- 
ment of  living  and  dc<'cjt"M'<l  writers  is  premature,  t^)  ray  (he  \i-u>i. 
You  will  al.so  tind  that  you  ex{x*>e  yourself  to  altiick^i  by  critics; 
for  iuHtance,  you  Ktate«l  tliat  "  the  volume  of  the  cylinder  is  dcfiend- 
ciit  U|><»n  the  constant  charges,"  that  "  tin-  cnt-of!"  is  ind<'|»cndcnt  of 
those  chargcji  " — con<liti<»ns  incnnipatiblc  ;  that  whenever  it  i-  jMrv-ible 
to  fix  the  eon.stant  ehurg(>s  on  and  t(»  design  an  engine  reganllesis 
of  itrt  hoi'He-j)ower,  then  will  the  proof  lack  in  genendity"  (p,  M'J),  an 
admission  which  is  fatal  to  your  theury.  For  in  the  next  imrugraph 
you  ansert  that  sevend  of  the  charges  arc  imIejKjndent  of  the  h<)rs4— 
power  within  <-ertain  limit.s,  and  that  for  these  at  least  the  pro|Mirti))n 
on  page  S«)  cjinnot  Ik*  true;  but,  even  if  true  for  tlnfs*',  the  sjime  pro- 
portion cjinnot  Im-  true  for  the  other  chargt-^,  ixs  inten-st,  for  instaiKv. 

Finally,  you  are  alrea«ly  awaiv  that  Kankine  made  the  mortt  general 
solution  yet  attaine*!,  in  which  the  several  elements  al><>ve  mentione<l 
are  treate<l  as  variaMts  ;  a  s|)e<Mal  «i.<e  of  which  iruludc**  your  pn>b- 
lem  of  "economy  of  sleiun  only."  and  of  which  the  general  case 
includes  Ixith  the  d<*<igner's  and  owner's  problems.  You  an*  also 
aware  that  Denton  and  Woltl'  une:irtlK-<l  this  solution,  so  to  s|)e:ik, 
enlarginl  u|m»u  and  amplifusl  it,  by  discussing  it  in  their  ]>a{)ers  and 
applying  the  methtMl  to  a  large  numU>r  of  existing  engines  ;*  and, 
although  it  is  n(»t  claime<l  by  tlus«'  writers  that  the  methiMJ  jmw-h-x-h-s 
mathematicjil  exactness,  yet  it  is  claimetl  that  the  def»-<t  in  the  prin^-ss 
lies  chiefly  in  the  data  r.ither  than  in  the  meth<Ml.  In  view  of  tlu'so 
facts,  you  may  at  la-st  consitjer  it  advis:d»le  to  take  to  yourself  the 
adviiv  you  have  given  to  anolluT.  and  "  i:ive  the  inu^t  t-infnl  om-id- 
eration  to  the  point  at  issue." 

[NoTK. — TrofesHor  Hnnkinestnti'tl  his  prolilcn)  thu»:  "  Hy  Incr^-anInK  the 
ratio  of  vx|»ansl«>n  in  u  Conil^lj  enjrine,  the  i|Utuitit\-  of  •itrnm  retiuintl  to 
perform  u  ^'Iven  duty  \»  (liuiiniMhtnl  ;  nh«l   the  etwt  of  fuel  and  of  the  l>o||- 

t  Tmnsartlons  of  the  Amcrtcnn  Society  of  Mcchanteal  Knglnetp*,  lv*i, 
jm^e  147  anil  jui^e  i>il ;  re|>iihli.Hhe<l  in  \.\\v  Antrricin  EmjituT.  1"->«1.  June, 
July,  AuKii.Hi  ami  NovemUT :  and  in  the  Tnu)Mio(ioi)<t  of  the  ln.«titulion 
(»f  Civil  KnK'lnein.  ,  London,  iSWUs::.  Vol.  L.Wm.  Part  II,  p.  T*. ;  Pnrt 
III.  p.  44. 
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ers  is  lowered.  But  at  the  same  time,  as  the  cylinders  and  every  part  of 
the  engine  is  increased,  must  be  made  larger  to  admit  of  a  greater  expan- 
sion, the  cost  of  the  engine  is  increased.  It  thus  becomes  a  problem  of 
maxima  and  minima  to  determine  what  ratio  of  expansion  ought  to  be 
adopted  under  given  circumstances,  in  order  that  the  sum  of  the  annual 
cost  of  fuel,  and  the  interest  of  the  capital  employed  in  construction  may 
be  the  least  possible  as  compared  with  the  work  "done." — Phil.  Mag.,  1854, 
(2),  p.  345. 

This  problem  Rankine  solves  in  his  usual  masterly  manner,  and  then 
shows  how  to  design  a  100  horse-power  engine,  according  to  his  metliod, 
making  the  cost  of  engine  and  of  boilers  variable ;  deducing  the  point  of 
cut-off,  the  area  of  the  piston,  and  mass  of  the  boilers.  In  this  he  uses  the 
graphical  method.  In  the  owner's  problem,  the  cost  of  the  jilant  being 
known,  the  interest  will  be  known,  and  the  cost  of  fuel  and  point  of  cut-oflf 
are  the  variables,  but  the  method  of  finding  the  point  of  cut-oft"  is  the  same 
as  before.] 

Stevens^  Institute  of  Technology ,  Hoboken, 
February,  15,  1884. 


Critical  Point  of  Liquefiable  Gases.— Jamin  believes  that 

gases  are  liijueliable  at  every  temperature,  when  the  pressure  is  suffi- 
cient. He  defines  the  critical  point  as  the  temperature  at  which  a  liquid 
and  its  saturated  vapor  have  the  same  density;  but  the  general  law  of 
vaporization  is  not  suddenly  interrupted;  the  liquid  continues  to  be  at 
its  point  of  ebullition  and  maximum  tension.  If  it  ceases  to  be  visible 
it  is  because  it  is  mixed  with  the  gas,  in  which  it  swims  on  account  of 
the  equal  densities,  and  when  the  temperature  continues  to  increase  the 
tension  also  increases  until  the  liquid  is  entirely  volatilized.  Then  the 
space  ceases  to  be  saturated  and  there  is  only  a  dry  vapor,  or  gas,  far 
removed  from  its  point  of  liquefaction.  In  general,  a  saturated  vapor 
is  distinguished  from  its  generating  liquid  by  its  smaller  density  and 
its  latent  heat;  in  the  present  case  the  den.sities  arc  equal  and  there  is 
no  latent  heat,  since  the  volume  does  not  change  and  there  is  no  work 
of  expansion.  Hence,  at  the  critical  point,  nothing  distinguishes  the 
liquid  from  its  vapor,  neither  the  tension,  the  density,  the  constituent 
heat,  the  appearance,  nor  any  other  known  property.  Jamin  submitted 
these  views  to  Cailletet,  with  the  statement  that  if  his  hypothesis  was  true 
the  liquefaction  w^ould  be  retarded  by  replacing  the  air  in  his  mixture 
of  air  and  carbonic  acid  by  some  lighter  gas,  for  instance,  hydrogen. 
Cailletet  performed  the  experiment  and  found  that  the  results  were 
such  as  had  been  predicted. — Comptes  Rendus,  May  21,  1883. 


V 
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THE    ALLEGED    '' KE.NLVRK AI'.LE    EliUOR    L\    THE 
THEORY  OF  THE  TI'RIiLXE   WATER  WHEEL.' 


By  L  V.  CinnuH, 

AsHlstunt  Professor  of  Civil  Kn(;lnef>rinK.  Tornell  Unlvert»lly. 


Tlioiit^li  it  can  lianlly  !»<•  iirge<l  that  any  tli«H»ry  of  turhiiK^  has  been 
confirnie<l  by  experiment  with  preeision,  or  has  even  liad  more  than 
a  slifrht  infliienccv  on  their  design  and  o|V'nition,  it  is  nevertlieless  a 
matter  of  imjM)rtance  and  justice  that  the  "  common  theory-,"  pre- 
sented by  Wcisbach  and  Bresso,  should  he  re<'ognizod  as  emphning 
sound  principles  of  dynamics  in  obtaining  results  from  its  fundamental 
hypotheses,  whether  the  latter  are  j>erfcctly  realizo<l  in  practice,  or  not. 
Let  us  undertake  a  brief  sketch  of  this  theory,  omitting  all  c«»nsidera- 
tions  of  frictional  and  <>tli(M-  resistances,  for  the  sake  of  simplicity.  Its 
fundamental  hypotheses  arc:  ''steady  motion"  of  the  water,  uniform 
angular  velocity  of  the  wheel,  "  How  in  plane  layers,'"  fille<l  channels, 
"  full  gate,"  and  no  shock  on  entering  the  wheel  (i.  e.  at  entrance  the 
relative  velocity  of  the  water  must  l)e  tangent  to  the  wheel  float ; 
otherwise  there  would  be  an  abrupt  change  in  the  absolute  velm-ity, 
rendering  incorrect  the  assumption  to  Ije  made  here  that  the  internal 
pressure,  jo„  at  the  beginning  of  the  wheel  channels  is  the  stime  as  that 
toward  the  extremity  of  the  guide  pass;iges). 

The  relations  holding  good  in  these  hypotheses  U'tweeii  the  (pian- 
tities  involve<l  are  stated  in  equations  (1)  to  (6)  inclusive:  in  which  Q 
denotes  the  volume  of  water  us<.'d  per  second;  h,  the  height  tVom  head 
to  tail  water ;  h.^,  the  mean  depth  of  wheel  channel  below  surface  of 
tail  water ;  F,  /•',,  and  F,,  the  total  crass  sections  of  the  en«ls  of  gui<le 
passages,  and  at  entrance,  and  at  exit,  of  wheel  channels,  ros|>cctively ; 
0,,  r,,  r,,  the  relative  velwity  of  water,  the  wheel  nidius,  and  the  wheel 
rotary  velocity  at  the  entnince  t»f  a  whi-el  channel :  c_„  r,,  r^,  tM)rres|>ond- 
ing  t|uantities  at  exit  of  wheel  channel  ;  />,  and  /),,  the  mejin  internal 
water  pressurts  at  entnince  and  exit  of  wlufl ;  tr,  the  al>solute  vehx-ity 
at  exit  ;  j,  the  weight  of  a  cubic  unit  of  water  ;  A,  the  height  of  a  water 
barometer  ;  and  g,  the  acceleration  of  gravity.  We  have  then  :  energy 
transmitted  to  wheel  : 

=  V?/'  -  ^/r  ";  •  (1) 

Relation  holding  goo<l  for  the  /i>fr/  channels  between  the  head  water 
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and  the  extremity  of  guides  where  the  absolute  velocity  is  c,  (Ber- 
noulli's theorem) : 

^+il  =  h  +  h^  +  b.  (2) 

Continuity  of  flow,  channels  filled  : 

q  =  Fc  =  F,c,  =  F,c,.  (3) 

Trigonometrical  relations  in  the  parallelograms  of  velocities  at  en- 
trance and  exit  from  the  wheel.  (4) 
The  proportion  v^ :v^:  : r^ : r^.                                                               (5) 
Relation  between   the  relative  velocities  and  internal   pressures  of 
the  water,  and  the  rotary  wheel  velocities  at  entrance  and  exit  of  a 


wheel  channel 

^  r 


[assuming:^  =  /<2  +  ^))  vii 


^  +  /*2  +  J  =  §^  +  ^  +  [-'^-=^1  (6) 

Weisbach's  presentment  of  this  last  relation  is  marred  by  the  state- 
ment tliat  it  is  connected  with  some  mysterious  "  centrifugal  force." 
He  does  not  prove  equation  (6),  but  thinks  it  sufficient  to  base  it  upon 
the  result 

e/  _  c,^  =  ,.^  _  ,^2  (7) 

obtained  in  the  problem  of  a  rotating  top  or  disc,  in  a  channel  on 
whose  surface  a  small  solid  body  is  free  to  move  without  friction  (or 
gravity,  if  the  groove  is  horizontal).     (Vol,  I,  §§  303  and  304.) 

Equation  (7)  is  correct,  and  Avill  be  demonstrated  further  on,  as  well 
as  (G),  which  does  not  depend  directly  on  (7),  as  Weisbach  implies. 

An  article  by  Mr.  Frizell  in  the  number  of  this  Journal  for 
August,  1883,  entitled  "Remarkable  Error  in  the  Common  Theory 
of  the  Turbine  Water  Wheel,"  by  implication  denies  the  truth  of  (7) 
on  account  of  an  absurdity  in  Weisbach's  method  of  demonstrating  it. 
The  ideas  and  method  of  Weisbach's  treatment  of  that  problem  have 
already  been  referred  to  as  absurd,  in  an  article  by  the  present  writer, 
prepared  five  years  ago  (see  p.  215  of  Van  Nostrand's  Eng.  Mag.  for 
March,  1880);  but  it  is  clear  that  Mr.  Frizell  does  not  appreciate  all 
the  absurdities  of  the  situation,  since  he  upholds  Weisbach's  ideas  in 
the  particular  case  where  the  groove  is  radial. 

Since  Weisbach's  method  of  demonstrating  equation  (7)  is  certainly 
to  be  condemned,  let  us  apply  to  the  problem  of  the  disc  correct  prin- 


>5 
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ciplcH  of  (Ivnaniics  (viz.,  Newton's  laws),  employing  no  r-unceptiuns 
bcyoiul  tliosi*  of"  time,  sj)!ic-(*,  tnit-s,  and  forf«',  oniittiii^  all  !!><•  of  the 
coMipouiul  i(lea.s  of  work  ami  c'ner>;y,  wliicli  always  ow*-  tlieir  inj-anin;:, 
and  the  means  of  verifying  results  obtained  by  them,  to  the  former 
concepiionH,  Ah  a  pn'lirniiiarv,  liowevcr,  it  will  lie  ns<'ful  to  glan^-e 
at  a  more  i'amiliar  and  Himpic  j)r(»blem  in  whi<h  the  nw,*  of  the  terms 
'*  centri|)etid  "  and  centrifugal  "  have  no  ambiguity. 

If  a  j)article,  with  .some  origitial  aiwohite  velocity  w,  Im?  guide*!  in  a 
curve  by  x\ fixed  groove  or  channel,  without  friction  (or  gravity),  il- 
ab.solute  velocity  remains  unclmngt^l  in  amotint,  though  ••ontimially 
altered  in  direction.  The  only  force  acting  on  it  i.s  the  pres-sure  of  the 
wide  of  the  groove,  and  i.s  always  normal  to  the  path.  As  is  well 
known  (llankine),  the  pres-suif  of  the  guide  against  the  jKirtiile  i> 
calle<l  the  "centripetal"  or  "<leviating"  force,  coniing  into  plav  when 
we  consider  the  particle  and  its  motion,  and  acting  totaird  the  centre 
of  curvature;  while  itri  etjual  an<l  opposite  (at-conling  to  Newton's  law 
of  action  and  reaction),  the  "centrifugal"  force  is  the  pres-^ure  on  the 
fixed  guide,  directe<l  away  from  that  centre,  and  taking  its  place  with 
the  other  forces  which  >train  the  guid<'.  Hence  it  is  improjK'r  and 
confusing  to  say  that  (he  particle  is  aete<l  <»n  by  the  centrifug:d  ton«-, 
as  so  many  writers  jHTsist  in  doing,  among  whom  are  WeisUich  and 
Di-selianel  ;  while  Kankine  and  (Janot  are  careful  to  give  no  such 
impres.->ion.  (^Compare  the  ditfering  metlKnls  and  phntseologv  (»f 
Dtaschanel  and  Ganot  in  explaining  the  ap])ar(.nt  dimiiuition  of  grav- 
ity due  to  the  eiirth'-s  rotation.  The  mist;ike  in  (pieiition  is  similar  to 
the  one  which  would  In.'  made  in  saying  that  an  ortlinarv  bridge  tru.ss 
is  actetl  on  by  a  downimnl  force  at  it.s  jioints  of  I'ontact  with  the  piers; 
a  mistake,  however,  never  mad«' ;  the  (Kiurrence  of  the  other  is  there- 
fore surprising. 

Next,  supj)ose  the  curvi^l  groove  or  channti  to  rotnte,  with  a  unit'orm 
angular  vt-looity  w,  alwtit  a  fixe<l  axis  |>erj>endicular  to  it.s  plane,  while 
the  particle  is  passing  through  it.  Since  there  are  now,  at  anv  instant 
of  its  progress,  thrtr  ditferent  <x?ntres  to  In*  (xmsidered,  viz.,  the  fixnl 
centre  of  the  di.sc,  tiie  centre  of  ctirvature  of  the  groove,  and  that  of 
the  al)8olute  path,  for  the  |>oint  of  contact,  it  is  l>est  to  drop  all  such 
terms  as  (vntrifugal,  (»r  centrijvtal,  fonv,  or  "centrifug;d  action,"  as 
their  use  in  this  conn<H>tiou  temls  to  ambiguity  an«l  vag\nMu»ss.  As 
Ix'foi'e,  the  only  force  acting  on  the  particle  (gravity  is  eliminate*), 
since  the  disc  is  horizontal)  is  the  pressure  of  one  side  of  the  gtiide 
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against  it,  and  must  be  normal  to  the  guide  curve  (there  being  no 
friction),  i.  e.,  is  directed  toward  the  centre  of  curvature  of  the  latter. 
This  force,  not  being  in  general  normal  to  the  absolute  path,  causes  a 
continual  change  in  the  absolute  velocity.  The  absolute  velocity  w, 
is  the  diagonal  formed  on  the  rotary  velocity  v  =  car  of  the  point  of 
contact  of  guide,  and  c  the  velocity  of  the  particle  relatively  to  this 


qui^f 


'  \       "^i         <  ■,.      I  Faff. 


Me 


C 

point  of  the  guide,  r  being  the  radial  distance  of  the  particle,  at  any 
instant,  from  the  centre  of  disc.  It  is  required  to  find  the  law  of 
variation  of  e,  the  relative  velocity,  its  value  being  Cj  at  a  definite 
point  of  the  groove  where  r  =  r^ 

Let  OB'  represent  any  element,  described  in  a  time  dt,  of  the  abso- 
lute path ;  //  =  the  angle  between  the  rotary  velocity  (or  and  the 
guide  tangent  at  0.  During  the  time  dt  the  angular  motion  of  the 
disc  is  dA,  the  relative  angular  motion  of  the  particle,  dd;  r  has  in- 
creased an  amount  dr.  From  kinematics  and  trigonometry  the  follow- 
ing relations  are  evident : 
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OB,  or  (yB'y  =  cdt 

..  =  ^  (8) 

fit  ^  ' 

Cfll  .sill,  n  =  (Ir  (9) 

rdt  COS.  fi  =  r  dd  (10) 

and  dfi  =  —  [d).  —  dd)  (11) 

Since  the  only  force  acting  on  the  particle  at  0  is  perpendicular  to 
OX  (call  this  the  axis  X),  it  is  in«ipal)le  of  afPwting  the  -Y  component 
of  Wy  1.  e.,  v\,  which  =  the  algebraic  sum  of  the  A' component.^  of  c 
anil  (or.     Hence  we  must  have 

^i  ^  j,,.ro    /   e    d{c— tor  COB,  fi)  ^  ^ 

dt  dt 

or,  in  detail,  a)  being  the  only  constant, 

dc  dr  •  du        ,. 

—  —  io  cos.  u  —    -r  (ur  sin.  u  -i~  ==  0 
dt  ^    dt  '    dt 

Substituting  from  (11),  we  have 

dc  dr     .  .  d6  .  d).         ,^    ,.  ,, 

_-  — w  cos.  ti  -—  -\-   tor  sni.  n        —  tor  sin.  n        =0   (1-) 
tit.  '    dt  '    dt  '    dt  ^     ^ 

Transforming  the  second  term  of  (12)  by  the  aid  of  e<juation  (9);  the 
third  by  (10);  the  fourth  by  (8),  then  by  (9);  we  finally  obtain 

dc                                                             ■               fo'rdr        „         ,,„. 
—  —  toe  cos.  ft  sin.  /t       toe  CO.S.  /i  sin.  tt  — =  0        (13) 

dt  '  odl 

ode        to'rdr        i  ,  ,    , 

J.  e.,  = ;  whence  cdc  =  to'rdr, 

dt  tit 

which  integrated  l)etween  corresjwnding  limits,  r,  and  r,  for  r,  r,  and  r, 
for  /•,  (0  being  constant  gives 

^"  =  '^^^(^^  (13..) 

/.  t'.j  Cj-  —  <•,'  =  V*  —  r,-,  Q.  E.  D. ;  a  result  independent  of  the  form 
of  the  guide. 

(The  f(»regoing  demonstr.itioii  is  a  repnMluctioii.  in  a  more  ct>mpact 
form,  uf  a  portion  of  the  article  referrcHl  to  in  Xixn  Xoslrand's  Mag.) 

The  ermrs  in  Weisbach's  trcjitment  of  the  problem  can  now  be 
Itetter  apprtn-iatt'tl.  He  makes  the  pri'ssure  or  force  acting  on  the 
l):irtiele  at  any  instant  radial  to  the  disc  axis,  whatever  tlie  form  of  the 

Whole  No.  Vol.  CXVII.— iThikh  Seriks,  Vol.  Ixxxvii.)  22 
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groove,  instead  of  normal  to  the  groove,  and  assigns  to  it  a  value  (o^3fr, 
also  independent  of  the  form  of  groove,  whereas  the  true  value  of 
that  pressure  is 

N=m[-  +  loh'  COS.  //  —  2co^  (14) 

M  denoting  the  mass  of  the  particle. 

(From  the  same  article  in  Van  Nostrand's  Mag.)  In  (14)  p  is  the 
radius  of  curvature  of  the  guide  curve  at  the  point  of  contact.  If  the 
groove  wore  radial  to  the  disc,  u  would  =  90°  at  all  points,  p  =^  oc 
hence  the  pressure  against  the  particle  is  numerically  =  2Ma)c,  and  is 
perpendicular  to  a  radial  direction.  Again,  if  the  groove  were  circu- 
lar and  concentric  with  the  disc,  and  the  particle  stationary  in  space, 
we  have  at  every  point  of  groove,  c  =  cor,  p  =  0°,  and  p  =  r,  whence 
N  reduces  to  zero,  as  it  should,  since  there  is  no  action  between  the  disc 
and  particle.  Also,  with  a  circular  groove,  concentric  with  the  disc,  the 
particle  having  an  absolute  velocity  w,  we  have,  as  before,  p  =  0°  and 
p  =  r,  while  c  =  cor  —  w;  which  reduces  N  to  Mvr  -^  r,  the  "  centri- 
petal force,"  or  pressure,  from  a  fixed  circular  guide ;  which  again  testi- 
fies to  the  correctness  of  the  expression  for  N  in  (14) ;  for  in  this  case, 
evidently,  the  constraint  of  the  groove  on  the  particle  is  the  same  as  if 
the  former  were  fixed. 

Weisbach's  expression  —  .  -i — -L  which  he  calls  "  energy  stored," 

y         2 

and  in  which  c^  and  Cj  are  relative  velocities,  does  not  represent  work 
done  upon  the  particle,  since  (see  (13rt))  it  is  independent  of  the  form 
of  the  path  between  the. initial  and  final  circumferances,  whereas  the 
pressure  N  is  not.  For  example,  it  would  be  possible  to  so  design  the 
groove  as  to  allow  the  particle  to  traverse  the  disc  without  contact  with 
either  side  of  the  groove,  hence  without  pressure,  and  rectilineally. 
In  this  case  the  particle  has  "true  angular  velocity"  about  the  disc 
centre,  but  what  becomes  of  either  Weisbach's,  or  Mr.  Frizell's 
*'  centrifugal  force  ?"  The  equation  of  such  a  curve  is  determined 
from  the  condition  iV=  o  at  all  points.  In  their  demonstration  Weis- 
bach  and  his  copyists  were  probably  misled  by  the  brevity  and  sim- 
plicity of  its  algebraic  matter  and  the  current  misuse  of  the  term 
*'  centrifugal  force." 

Resuming  the  "  common  theory  "  of  the  turbine,  it  is  hardly  suffi- 
cient to  base  (6)  on  (7)  by  mere  inference.     The  variation  of  c,  the 
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relative  velwity  of  water  tniversiiif^  and  fillinj<:  a  uniforinly  rotating 
pa-ssa^o  or  I>i|«',  when  "  steady  motion  "  (or  a  "  stiitc  of"  |>ortnan<-in  y )  is 
once  estaljii.slie<l,  is,  liowever,  eiLsily  de<lu«e<l  from  the  same  ti^;ure,  liy 
"steady  motion"  it  is  impliecl  that  the  m<ian  ir)ternal  pressure  and 
velfK'ity  of  the  water  at  any  s<'(tion  of  tlie  passaf^e  are  always  the 
same  for  that  part  of  the  piLSsaj^e  while  the  flow  is  jjoin^  on  ;  e.g.  the 
same  pressure  which  acts  on  a  retardinj^  force  at  one  end,  7^,  of  a  lamina 
whose  thickness  ^  OB  =  cdt  (an<l  whose  base  Is  /',  normal  to  OB) 
be(!omes  an  aex^eleratinjr  force  for  it  when  the  base,  orijrinally  at  O,  has 
arrived  at  B',  dt  having;  eiapsetl.  Ix't  p  =  tin'  mesm  internal  water 
pressure  at  O,  then  p  -\-  dp  =^  that  at  B  (or  B').  Hence,  since  the 
pressure  on  the  (^Ij^es  of  the  lamina  are  all  normal  to  ^^A',  the  sum  of 
the  -V  components  of  all  the  forces  acting  on  the  lamina  is  =  Fp  —  F 

(j)  -\-  dp)  i.  e.  =  —  Fdp,  and  this  mast  equal  the  mass, '  ,  multi- 

9 

plied   1)V  the  .Yacc«;leration,  i.  <.,  hv  — —  which   we  have  alr»-adv   in 

*^  -  dt 

the  left  hand  nienil>er  of  equation  (13). 

Therefore, 

-  Fdp  =  ^l  \dc  _  co^dn 
^  ff       Idt  cdt   J 


whence 


-  cdc  —  —  rdr  =  —      dp, 

y  9  r 


in  which  the  variables  are  separatetl.  Integrating  between  anv  two 
points  of  the  channel,  as  1  and  2,  remembering  that  y,  to  and  y  are 
constiuit,  and  that  tor  =  r,  we  have,  after  transjK)sition, 

^9      r     -9     r        ^9 

Hence  e<|uation  (6)  is  corre<'t. 

As  to  testing  the  "common  theory  "  as  here  presentcnl,  bv  the  valu- 
able experiments  of  Mr.  Francis  on  the  Tremont  turbine,  it  nnisl  \>e 
remeMd)ered  that  two  of  the  hypothesis  on  which  it  rt^ts  an>  "  full 
g:ite,"  ami  "  no  shock  "  at  the  entrance  of  a  wheel  channel. 

Experiments  Nos.  20,  21   and  22,  realize  the  first  ctJmpletelv.  and 
the  second  very  nearly  ;  for  in  Kxp.  21  the  discharge  U'ing  (^  — .  13D-90 
cubic  feet   per  second,  we  have  c  =  (^  -^  F=  21'42  feet  |)er  second 
and  c  cos.  a  =  19'08,  which  is  very  near  the  value  for  t\  (19'13)  found 
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by  experiment.  (The  value  a  =  27°,  the  angle  between  c  and  v^,  was 
obtained  from  the  drawing  in  Mr.  Francis'  book,  and  since  the  entrance 
float-tangent  is  perpendicular  to  v^,  we  must  have  v^  =  c  cos.  a  if  c^  is 
to  follow  that  tangent.)  Proceeding,  then,  with  Exp.  21,  as  almost  the  ' 
only  one  fitted  for  the  purpose,  we  substitute  the  values  jP=:  6*53 
square   feet;    jPj  =:  19*78   (partly    from    the   drawing);    i^g  =  '' '65 ; 

V,  =  19-13  feet ;  r,  =  1^  X  i\  =  1*201  X  19-13  (i.  e.  v.  is  taken  at 

the  middle  of  the  cross  section  of  an  exit  orifice,  as  it  should  be); 
h  =  12-899  ;  and  ^  ==  32-2  ;  in  the  formula 

obtained  by  elimination  between  equations  (2),  (3)  and  (6),  and  obtain 
Cj  =  21*16  feet  per  second  ;  and  therefore  the  discharge  =  F^g^  =  7-65 
X  21-16  =  161-87  cubic  feet  per  second.  The  observed  discharge 
was  139*90,  which  is  therefore  13J  per  cent,  less  than  the  theoretical; 
but  when  it  is  rememberetl  that  in  this  presentment  no  allowance  what- 
ever has  been  made  for  "  losses  of  head  "  due  to  any  cause,  nor  for  any 
deviation  from  the  hypothesis  at  the  base  of  the  theory,  this  result  is 
not  to  be  regarded  as  unsatisfactory,  nor  as  indicating  error  in  the 
application  of  analysis  in  developing  results  from  the  hypothesis. 

There  is  considerable  variation  in  the  sizes  of  the  various  cross 
sections,  as  in  Venturi's  tube,  but  the  discrepancies  (some  of  which 
are  as  high  as  80  per  cent.),  recorded  in  Mr.  Francis'  book,  between 
experiment  and  theory,  in  the  case  of  the  latter  apparatus,  have  not  as 
yet  led  any  one  to  assert  that  the  simplest  formula  of  hydraulics, 
V  =  t'^gh,  is  not  "  well  founded  in  theory." 

Ithaca,  December,  1883. 

Galvanizing  of  Brass  and  Iron. — Neujeau  and  Delaite,  of 
Liege,  have  contrived  a  galvanizing  process  for  objects  of  large  dimen- 
sions or  impossible  to  be  removed,  and  which,  consequently,  cannot  be 
plunged  into  a  bath  of  melted  zinc.  The  process  is  also  cheaper  than 
ordinary  galvanizing  and  equally  durable.  Finely  powdered  zinc  is 
mixed  with  oil  and  siccative.  A  varnish  is  thus  formed,  which  may 
be  applied  with  a  brush  in  the  ordinary  manner.  A  single  coat  is 
often  sufficient,  but  it  is  better  to  use  two.  The  objeiits  are  then  of  an 
iron-gray  and  they  can  be  left  in  that  condition  or  bronzed  or  painted. 
Chron,  Industr.,  April  8,  1883.  C. 
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im:tu()LKi\m  as  a  soiii(  e  of  i:mi:k(;kn(Y  imjweu 

FOR  WAR-SHIPS. 


By   N.   I>.  Clakk,   1Vh-<1   A-~i>t:mt-Kiigii)ctr,  U.  S.  X, 


A  \var-sl>i|)  rnjiiirfs  two  ditrcrciit  r.itfs  of  s|)fe<l,  one,  \vlii<-li  for  f"*)!!- 
venieiicc  of  expression,  tiiay  Ix'  calkMl  jntssag**  |>o\ver,  w»»ul<l  Ix*  ii.s^xl  on 
all  onlinary  otH-jLsions  when  steaming  from  jiort  to  jM)rt ;  and  the  other, 
emergency  power,  re(piire<l  for  eha.sing  an  enemy  or  escaping  from  a 
superior  force,  when  a  high  rAto  of  .spee<l  will  Ik?  nei-essarv. 

The  requirements  of  a  cruising  war-ship  and  a  commercial  vessel 
making  regular  passages  from  |>ort  to  |)ort  are  entirely  different.  The 
passenger  or  fast  freight  steamer  nee<ls  sustain<'<l  high  simh-^I  to  cnalde 
her  to  make  trips  in  the  short«'st  time  possible  aixl  witii  the  utm<Ht 
economy  of  fuel  in  order  to  j)ay  a  profit  to  her  owners;  while  the  war- 
■^hip  d(MS  not  iHt'd  siistaine<l  high  spinal,  hut  re«juires  a  still  higher 
rate  of  s|)eed  to  be  use<l  tor  only  a  few  hours  at  a  tinje  in  an  emergi-ncv, 
it  being  admissible  to  attain  this  extreme  high  s|)ee<l  at  an  extravagant 
cost  of  fuel,  as  wonomy  of  fuel  ran  only  be  attaintnl  by  gre:it  weight  of 
niachinery,  involving  increased  displacement. 

It  wtLs  the  exi>erien<'e  of  otli<'ers  who  serveil  on  the  vesxls  bl<Mk- 
ading  the  southern  coast  that  if  a  blockade-runner  was  sighted  e:irlv 
in  the  day  her  e:ij»tiire  w:ls  almost  a  certainty  notwithstanding  the 
assumeil  sii|)«'iiority  in  s|M'e<l  of  that  cIjlss  of  vessels;  but  if  the  vessel 
Mas  not  sighte<l  in  time  to  admit  of  her  capture  Ix'fore  night, darkness 
fie(|iiently  eiiabU'd  her  to  elude  her  pursuers,  even  though  they  |>o8- 
sc-ssed  su|)erior  siM-eil. 

As  <larkn<'ss  favors  the  wejik  in  eluding  pursuit,  commerce  destrovers 
sliould  1)«'  provideil  with  high  emergeiu-y  jwwer  to  enable  them  to  (*:i|>- 
tUH'  their  priz(N  while  daylight  lasts. 

The  passage  power  oi'  a  war-shij)  should  Im'  so  dt^jignwl  :vs  to  l)e 
capable  of  InMug  us<m1  with  great  economy  of  fuel,  enabling  the  vessel 
to  steam  great  <lisfanns,  and  to  kin-p  the  sea  for  lengthenetl  jw-rioils  of 
time  ;  while  (»n  the  other  haiul,  to  avoid  excessive  weight  of  maehitjers*, 
economy  of  fuel  would  be  a  matter  of  see»)n<hir>- consi<lerat ion  when 
using  the  emergency  power,  which  wotild  U'  but  rarelv  e:ill»il  into 
action,  and  then  for  only  a  short  |H'riiHl  of  time,  and  thercfon-  would 
not  warrant  the  encumbnuuv  of  a  gn*:it  weight  of  ma«'hiuerv. 

The  j)assage  |M>wer  of  a  war-ship  mav  Ix^  sufticient  to  drive  the  ship 
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nine  or  ten  knots  per  hour,  while  her  emergency  power  should  be  equal 
to  the  attainment  of  double  that  speed.  This  would  require  the  emer- 
gency power  to  approximate  to  eight  times  the  passage  power. 

Such  enormous  power  cannot  be  attained  in  a  vessel  of  ordinary 
size,  burning  solid  fuel  on  grate  bars  with  natural  draught,  designed 
for  economy  of  fuel,  unless  the  entire  hull  of  the  ship  is  filled  with 
boilers,  absorbing  the  greater  part  of  the  displacement  by  the  weight 
of  the  engines,  boilers  and  fuel,  thereby  depriving  the  vessel  of  offen- 
sive and  defensive  power. 

It  has  been  proposed  to  construct  such  vessels,  in  which  all  other 
desirable  qualities  would  be  sacrificed  to  extreme  high  speed,  but  the 
propriety  of  such  a  course  may  well  be  questioned.  High  speed  alone, 
without  a  due  complement  of  defensive  and  offensive  power,  would 
simply  enable  a  naval  commander  to  chase  down  an  enemy  which  he 
dare  not  fight,  a  feat  by  which  he  would  gain  only  negative  renown. 

Although  it  is  impracticable  to  construct  a  vessel  of  ordinary  dimen- 
sions, combining  extreme  high  speed  with  due  defensive  and  offensive 
qualities,  with  motive  power  derived  from  the  combustion  of  solid 
fuel  or  grate  bars  in  ordinary  boilers  with  natural  draught,  yet,  with 
liquid  fuel,  such  a  speed  can  be  developed  in  a  vessel  of  very  moderate 
displacement. 

In  boilers  for  consuming  solid  fuel  the  steam  generating  power  is 
measured  by  the  area  of  the  grate  surface,  and  even  when  the  draught 
is  forced,  the  amount  of  heat  produced  from  such  fuel  is  much  less 
than  the  heating  surface  will  absorb,  provided  the  heating  surface  is 
the  maximum  the  boilers  will  contain. 

Solid  fuel  is  burned  only  from  its  surface  by  the  erosive  action  of 
diluted  oxygen,  consequently  the  combustion  of  such  fuel  is  slow  and 
torpid  compared  with  liquid  fuel,  which  can  be  converted  into  a  gas 
with  rapidity  and  facility. 

Ordinary  marine  boilers  for  consuming  anthracite  coal  have  from  20 
to  25  square  feet  of  heating  surface  to  the  square  foot  of  grate,  and 
such  boilers  are  found  to  give  good  results  with  solid  fuel,  as  the  heat- 
ing surface  is  sufficient  to  absorb  all  the  heat  that  can  be  generated 
from  such  fuel ;  but  it  is  possible  to  construct  tubular  boilers  for  burn- 
ing petroleum  having  75  square  feet  of  heating  surface  to  the  square 
foot  of  grate. 

With  such  boilers  having  the  liquid  fuel  sprayed  into  their  furnaces 
by  jets  of  superheated   steam  or  hot  air,  the  steam  generating  power 
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wouM  lx»  measure*!  by  the  larf^cly  increase*!  extent  of  the  hcatiD^;  sur- 
i'aif,  and  not  hv  tin-  litniti"!  an-a  of  thr  ^rat«',:u»  the  liu-l  o)!!!*!  be  <-on- 
Hunio<l  at  a  rat<-  fully  tip  to  thr-  mpa<ity  of  tin-  h<-:iting  Hurfa***  to  abnorb 
the  heat  ^enerat^l  by  it«  uunibu>*tioii. 

iu  a  pro|KTly  con.Htnieto<l  furna«-<',  jMtroleiini  win  \h:  bunied  entirely 
without  MHoke,  the  (*oinbu>ti<Mi  Ijcin^  coniplt'te,  and  itf«  praiiiral 
caluritic  value  ha^  l)een  pn»v»H|  to  U*  fidly  <h|uu1  to  three  tinio  itd 
weij^ht  of  the  lient  coal. 

A  hij^li  .'lUtlioritv  on  en^iniiTJh;:  -id»j«*<'ls,  .l/o/»xjr^/rM'i»   ]'<•' 
j».  -KiO,  iTvi.M'd   (MJiiion,  ^ivt-s  the  I'ullowinj;  ]u-<-ount  of  tin-   n.  i' 

burninj^  |>etroleuin,  im  praeti(-e<l  in  Kn^land,  with  it.s  advantagt^s  im 
a  fuel  : 

"  N(i  altrration  ol"  tlu-  ordinary  furn;iee  or  ^rate  is  n«vfs,">arv.  For 
burning  oil  the  j^rate  Iwrs  are  eovenxl  with  slaliH,  overlaid  with  fine 
eindern,  and  the  ash-|>it  dtKjrs  rlo«e<l.  The  oil  fell  verti<-dly,  a  jet  of 
su|MTheatetl  stniin  met  it,  and  turne<I  it  into  va|K>r,  wliiih  tlun  t<M»lv 
fire  an<l  wit-'  consunuMl  in  a  pirfiH-t  manner. 

**  The  water  evaiMjrat*^!  amounteil  to  20'H  |K)unds  |)cr  pound  of  oil 
eoii^^uiuMl.  The  avrni^e  nfiult  of  si'venil  <layh'  ex|K>rirncnt  was  l*J\ 
jMiMiids  of  water  evaponittil  jht  |>oun«l  <»f  oil. 

"  \\  itii  the  l)ext  Altenlare  «"oal  the  same  Iwiler  evaponitwl  ♦»!  poundj* 
(»f  wat«'r  per  pound  of  rojil  consume*!.  The  advanta^t^>  claimeil  for 
li<juid  luel  in  s«-:i^(»ing  vessels  are  : 

"  1st.   A  re<luction  of  weight  of  fuel. 

"2d.  A  retluction  of  bulk  of  fuel. 

"  ."^l.   A  rMluction  ofHr»'-nM)m  force  in  the  jMirjHirtion  of   4  to  1. 

"4th.   Prompt  kindling;  of  fires. 

"5th.  The  tin's  (ran  U' extinguishetl  instantani-ously. 

"  (itli.  Capability  (»f  stowage  in  place  of  water  liiilljL>it,  by  whiih  it 
may  Im-  rcplace<l  a>  consume<l,  and  great  IjK-ility  lor  taking  in  niiidlv. 

"  7th.   Its  cleanlincsb,  and  freotlom  from  ODJies  cindent,  etc. 

"  Hth.  The  al>s4'ntv  of  the  loss  of  heat  ilue  to  the  fre«|Uent  u|t«iiiiig 
of  furnaiv  iKnirs. 

"  l*th.  The  ability  to  I'omman*!  a  more  intenj**'  tin',  and  manaifment 
of  tem|M'niture  without  fonxxl  draught. 

"  10th.  Facility  for  jM^rfiN-t  combustion  .iii«i  nipuntv  >>t  niiMiig 
steam. 

"  11th.   Fnt-tlom  from  smoke." 

Mr.  Ibiny  I\  Ilaydeii.of  Washington,  1  >.  C,  Iuls  retxiitly  obtaineil 
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several  United  States  patents  on  furnaces  for  an  improved  method  of 
burning  hydrocarbons,  in  which  the  liquid  fuel  is  sprayed  into  the 
furnace  by  a  jet  of  steam  superheated  to  1,200°  Fahr.,  and  having  the 
air-supporting  combustion  heated  to  800°  Fahr.  By  this  method  it 
is  claimed  petroleum  will  give  a  calorific  value  greater  than  the  above 
estimate. 

In  order  to  show  the  merits  of  petroleum  as  a  source  of  emergency 
power  we  will  take  for  illustration  the  proposed  3,000-ton  cruisers,  in 
which  it  is  understood  1,200  tons  of  the  displacement  is  allotted  to 
steam  machinery  and  fuel,  the  weight  of  the  machinery  being  700  tons, 
and  the  coal  500  tons. 

If  the  boilers  of  these  ships  were  specially  designed  to  burn  petro- 
leum as  an  emergency  fuel,  their  steam  generating  power  could  be 
doubled,  while  their  weight  could  be  decreased  150  tons. 

The  same  boilers  could  also  be  used  to  consume  anthracite  coal  with 
great  economy  when  the  ship  was  using  her  passage  power. 

If  instead  of  carrying  500  tons  of  coal,  the  ship  was  equipped  with 
260  tons  of  coal,  and  80  tons  of  petroleum  stored  in  the  cellular 
bottom,  aggregating  340  tons,  she  would  have  her  full  complement  of 
fuel,  the  equivalent  of  500  tons  of  coal,  thereby  effecting  a  saving  in 
■weight  of  160  tons. 

If  this  aggregate  weight  of  310  tons,  saved  from  boilers  and  fuel, 
was  put  into  deflecting  armor  and  heavy  guns,  in  addition  to  the  weights 
already  allotted  for  that  purpose,  it  would  produce  vessels  of  moderate 
size  and  cost,  having  a  greater  emergency  speed  than  any  existing  com- 
mercial vessel,  and  having  offensive  and  defensive  powers  equal  to  a 
heavy  iron-clad.  Such  a  ship  would  combine  all  the  desirable  qualities 
of  a  light,  rapid  cruiser,  and  a  heavy  coast-defence  vessel. 

The  reason  why  petroleum  has  not  been  used  as  a  fuel  in  the  mer- 
chant marine  is  on  account  of  its  cost,  and  it  is  not  likely  that  it  will 
ever  be  able  to  compete  successfully  with  its  powerful  rivals,  anthracite 
and  bituminous  coal. 

The  objection  to  the  use  of  petroleum  in  the  vessels  of  the  navy  is 
its  assumed  dangerous  character,  but  it  should  be  remembered  that  the 
same  objection  could  be  urged  against  gunpowder,  and  was  strongly 
urged  against  the  introduction  of  steam,  notwithstanding  which  both 
gunpowder  and  steam  have  been  introduced,  and  will  be  retained  in 
spite  of  their  dangerous  character. 

In  regard  to  the  dangerous  qualities  of  petroleum  it  may  be  said,  if 
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its  Htonif^e  atnl  u>4e  were  surn)Uii<l«il  hy  the  same  «arej{uanl.«>  and  pn*- 
cautioDH  a«  tlnHe  we  <)l>!*ervo  in  the  ^tonij:**  an«l  iih*  of  j^itijKiwder,  it 
would  not  U'  found  any  more  dan^*roiu4.  Ji«->ido  it  Hhuuld  not  be 
forgotten  that  fi^htin^,  the  |>ur|)<Me  of  a  war-»hi|>,  ounnot  be  made  a 
safe  biLsinesM.  The  chief  danger  from  |)etroieuni  ari-^es  from  the 
enianation  (»f  an  inflanimabh-  ^:ls  whirh  is  pven  off  at  all  onlinary 
tem|H'ratun-?<,  but  with  reHuj-d  |Mtroleum  this  ff%n  xa  «-ar«t?ly  appn*- 
<-iabl*'  in  (piantity  when  the  Hnid  is  kept  at  the  tem|MTature  of  s4-a 
water,  which  eould  Iw  ac«-orupli.she4|  bv  »t«»rinL;  it  in  the  double  Uittom 
of  the  veHS4>|,and  dan^^er  from  an  accumulation  nf  ^i*.  in  the  (lotroleum 
tanks  could  beavoide<l  by  providing  them  with  appropriate  ventilating 
pilM-s,  Iciidin^  overboani,  alwtve  the  water  line. 

\N  hile  tl»e  ciwt  of  petroleum  will  bar  its  u.s**  as  a  fuel  in  the  men'hant 
marine,  its  intriKJuction  a**  an  emergency  fuel  for  the  navy  would  be  a 
meiu«»ure  of  great  e<:onomy.  In  the  navy  the  necceasitiert  of  the  ser\'ioe 
rnpiire  a  very  large  fire-nM)m  fon'e,  fully  \V.\  per  cent,  of  which  may 
Ih-  denominateil  emergency  men,  whoso  ft«Tvi»"t*  mi::ht  Ih'  di-|H-M<*<Hl 
with  e.xtvpt  when  the  ship  is  using  her  full  steam  jxiwer. 

With  petroleum  as  a  S4»un*<'  of  emerp-ncv  |M»wer  the  s^-rvic*-.^  ul 
these  extra  men  could  In-  dis|M'ns4'<i  with,  and  the  c«»-'t  of  their  |iay, 
rations,  etc.,  would  far  mon*  than  <"ompensate  for  the  differen«f  lietween 
the  (xxt  of  (xml  and  |H>trolrum,  Ji.«<  the  pay,  rations,  etc.,  <»f  the  emer- 
gencv  men  wouM  Im>  continuous,  while  the  extra  c«)Ht  of  the  emergency 
fuel  would  ojdy  have  to  Ix"  Iwirne  for  short  dunitions  of  time  at  long 
intervals. 

One  advanla;^!'  t<>  Ik-  derivitl  tVi>iii  the  ii-m-  ni  |Mtr">n  um  ;i->  a  «<tiin-«' 
of  emergency  |M»wer  !•«  that  it  will  enable  us  to  retain  anthnicite  «iial 
JUS  the  standard  fuel  ot"  our  navy,  otherwi.se  we  will  Iw  force*!  to  use 
bitinuinous  (*oal  in  onler  to  «»m|>ete  in  s|M>e4l  with  the  shi|M«  of  other 
nations. 

It  in  pniiHiMHl  to  u.se  anthnicite  nwl  a.**  the  i«ouree  of  the  pjissage 
|M»wer,  resjTving  the  |M'tnileum  f(»r  emergencii**,  the  same  lioilers  starv- 
ing for  each,  but  of  c«)urM>  the  |H>trolcum  c«>ul«l  !>«■  utilizixi  for  the 
lower  rate  of  s|H>e«l  should  m-ci-ssity  re«pnre  it. 

Numerous  trials  of  single  an<l  twin  screw  shipH  of  the  British  navy 
prove  that  twin  s<ti'ws  utilize  11  jht  ivnt.  morv  power  in  pn>{M'lling 
the  ship  than  "ingle  .«rews ;  this  is  no  doubt  ilue  to  the  grpnier 
immersion  of  the  effective  area  «)f  the  twin  screws.  The  principal 
etntree  of  h»s  with  the  si*rew   pntfieller  is  fn>m  skin  friction,  which  is 
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constant  at  all  depths  of  immersion,  while  the  propulsive  efficiency 
increases  with  the  depth  of  immersion.  As  twin  screws  give  an 
increased  efficiency  of  1 1  per  cent,  over  single  screws,  it  is  highly  prob- 
able that  triple  screws  would  show  a  greater  efficiency  than  twin  screws, 
as,  owing  to  the  deeper  immersion  of  the  shafts,  a  less  area  of  blade 
would  give  an  equal  propulsive  efficiency,  and  if  there  was  less  area  of 
blade  there  would  be  less  loss  from  skin  friction,  and  consequently  a 
greater  proportionate  efficiency  from  the  power  applied. 

The  application  of  two  or  more  screws  would  result,  not  only  in  a 
greater  economy  and  efficiency  of  the  power  applied,  than  can  be 
obtained  from  a  single  screw,  but  also  in  greater  safety  to  the  vessel,  as 
it  is  not  probable  that  all  the  screws  would  be  disabled  at  one  time. 
It  would  also  admit  of  a  further  decrease  of  spars  and  sails,  which 
would  be  a  great  encumbrance  to  a  vessel  chasing  a  more  lightly  sparred 
adversary,  who  would  not  fail  to  run  to  windward. 

In  order  to  avoid  unnecessary  friction  it  would  be  desirable  to  dis- 
connect a  part  of  the  machinery  when  using  her  lower  rate  of  power. 
This  could  be  accomplished  by  dividing  the  motive  power  of  a  twin 
screw  ship  between  two  vertical  cylinders,  direct  acting,  compound 
engines,  one  double  cylinder  compound  engine  being  set  forward  of, 
and  the  other  aft  of  a  driving  pinion  on  the  crank  shaft  of  each  screw, 
with  a  disconnecting  device  to  each  engine.  This  arrangement  would 
permit  either  or  both  compound  engines  to  be  used  for  driving  the 
screw.  When  running  with  the  passage  power  only  one  engine  would 
be  used  to  drive  each  screw,  when  using  the  emergency  power  both 
engines  would  be  connected.  This  tyj^e  and  disposition  of  machinery 
would  be  a  great  safeguard  against  accidents. 

According  to  the  able  and  very  valuable  report  of  Passed  Assistant- 
Engineer  John  A.  Tobin,  U.  S.  Navy,  published  as  House  Executive 
Document  48,  of  the  Second  Session  of  the  47th  Congress,  the  weight 
of  the  steam  machinery  of  British  merchant  steamers  is  480  pounds  per 
indicated  horse-power,  and  that  of  the  vessels  of  the  British  Navy  is 
289  for  the  light  steamer  Ir-is  and  360  pounds  for  other  vessels;  the 
weight  of  the  steam  machinery  of  the  torpedo  ram  Polyphemas, 
having  locomotive  tubular  boilers,  is  180  pounds;  and  that  of  the  two 
classes  of  light  swift  torpedo  boats  is  57"7  and  66*5  pounds  per  indi- 
cated horse-power. 

This  great  reduction  of  weight  is  accomplished  by  the  adoption  of 
the  locomotive  tubular  boiler,  constructed  of  steel,  furnishing  steam  of 
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higli  preasure  to  engines  constructed  of  the  very  lx«t  material,  to  secure 
great  strength  with  lightness,  <Iesigne<l  for  extreme  high  piston  s|)ced, 
whereby  groat  power  is  transmittal  by  very  liglit  ma<hinorA',  the  light 
machinery  developing  the  great  jMnver  hy  its  rapidity  of  movement. 

If  the  same  general  plan  of  steam  machinery,  in  a  m«Klifie<l  form, 
wen'  adopte<l  for  <riiisiiig  vessels  as  that  a|>pli<-<l  in  the  <'onstrn<-tion  of 
torpetlo  boats,  engines  capal>le  of  tnmsmitting  the  pro|H)scd  emergency 
power  of  18  or  20  knots  per  hour  could  Ik?  eonstructe*!  within  the  limit.s 
of  weight  allotted  ft)r  that  purpose. 

As  the  torpe<lo  boats  referred  to,  having  a  disphu-cment  of  les-  than 
100  tons,  have  attained  a  sjkmhI  of  22*4  knots  per  hour  on  the  mests- 
ured  mile,  the  emergency  sjjeed  proposed  will  not  seem  unreasonable 
for  a  veasel  of  3,(HX)  tons  displai-ement  to  those  familiar  with  the  law 
of  spcc<l  ill  relation  to  dimensions  as  fnMiiciate<l  by  the  late  .Mr.  I'Voiide. 

Nor  would  it  Im'  neccessary  to  build  vessels  so  large  as  '\,()()0  tons 
displaeement  in  order  to  <-ombine  high  spee<|  with  gn-at  defensive  and 
offensive  powers,  for  extremely  useful  vessels  could  be  cotLstructtnl  on 
1,600  or  2,000  tons  displacement,  and  as  a  cruiser  can  only  l>e  in  one 
place  at  a  time,  no  matter  how  great  her  size,  and  as  a  small  vessel 
upon  the  plan  proposetl  woidd  l>e  as  effe<*tive  as  a  commen-e  destrover 
as  the  largest,  it  woidd  .s<'cni  to  be  the  U^st  |M)li(y  to  devote  the  small 
appropriations  obtainable  for  the  increaseof  the  navy  to  the  construction 
of  a  greater  iiiiiiilMr  of  small  ships,  ratlwr  than  to  a  less  numl»er  of 
large  ones. 

Two  such  small  swift  cruisers  of  2,000  tons  displacement,  armed 
with  10^"  j)ivot  guns,  mounted  on  verticjil  \'  shields,  antl  with  p  pro- 
|K'r  complement  of  Hot<hkis>i  revolving  cjinnon,  having  an  emergeiuy 
8I)eed  of  18  or  20  knots,  and  providetl  with  means  of  dis<'harging 
rocket  torpwloes,  would  \>e  more  than  a  match  for  an  InjlexibU  or  an 
Itdlitt,  ivi,  owing  to  their  small  size  and  rapidity  of  movement,  thev 
would  1k'  very  ditlieult  to  hit,  either  with  shot  or  tor|HHlo,  while  their 
unwieldy  adversary' woidd  fall  an  easy  vietim  to  the  latter  wea|x»n  dis- 
churginl  from  the  two  cruisers.  The  ct»st  of  construction  an<l  main- 
tenance of  one  vessel  of  the  lujlvxiblf  or  Jtalin  class  will  l»e  fouuil  to 
be  four  times  greater  than  that  of  two  of  the  proposetl  cruisers  of  2,000 
tons  displaeement,  while  the  fighting  stn'iigth  of  the  tw<»  latter  com- 
bineil,  will  Ikj  more  etlicient  than  that  of  one  of  the  former. 


348  Cast  Iron  in  Steam  Jioilers.  [Jour.  Frank.  Inst,, 

CAST   IRON   IN   STEAM   BOILERS. 


By  S.  Lloyd  Wiegand. 

[Read  at  the  Stated  Meeting,  "Wednesday,  March  19,  1884.] 

Immediately  after  the  adjourn meiit  of  the  February  meeting  of  this 
Institute,  the  drum  having  flat  cast  iron  heads,  was  tested  by  hydro- 
static pressure,  for  the  purpose  of  ascertaining  the  strength  of  such 
heads. 

The  dimensions  of  the  drum  were  four  feet  in  length  by  thirty-six 
inches  in  diameter,  the  heads  were  of  cast  iron,  of  18,000  lbs.  tensile 
strength  per  square  inch  of  cross  section  and  one  and  fifteen  sixteenths 
inches  (lyf)  thick ;  in  one  head  was  a  man-hole  opening  of  about 
10  X  14  inches,  below  it  a  feed  inlet  of  two  inches  diameter  and  having 
a  flange  fastened  thereon  by  four  |  stud  bolts  and  nuts ;  there  were 
three  openings  for  guage  cocks  and  two  for  a  glass  water  guage  con- 
nection, such  as  is  usual  in  cylinder  boilers  having  this  form  of  head. 
These  openings  were  closed  with  screw  plugs,  the  man-hole  opening  by 
a  plate  not  planed,  but  simply  cast  with  a  flat  bearing  surface,  and  a 
gasket  of  vulcanized  India  rubber,  interposed  between  it  and  the 
slightly  raised  bearing  on  the  inner  surface  of  the  hend  which  had 
been  planed  flat. 

The  other  head  was  simply  a  casting  without  any  perforations 
therein  excepting  of  course  the  rivet  holes  in  the  flange. 

This  drum  or  cylinder  was  made  by  the  same  parties,  Messrs.  Side- 
botham  &  Powell,  of  Frankford,  who  made  the  boiler  which  exploded 
in  Gafney  &  Nolen's  dye  works,  on  Martha  Street  above  Huntingdon 
Street,  Philadelphia,  on  May  25,  1881,  and  the  heads  were  cast  from 
the  same  pattern,  and  fitted  as  nearly  as  they  could  be  in  the  same  way 
as  the  burst  boiler  head,  the  remaining  parts  of  which  were  pro- 
duced at  the  February  meeting. 

The  test  was  made  with  a  force-pump,  having  a  f  in.  diameter  ram  and 
two  pressure  guages,  each  provided  with  a  maximum  registering  hand, 
and  graduated  in  25  lbs.  divisions. 

The  following  results  were  shown :  at  425  lbs.  to  the  sq.  in.  the 
longitudinal  seam  leaked  just  enough  to  show  a  wet  line,  as  did  also  a 
small  part  of  the  seam  between  the  cast  iron  head  containing  the  man- 
hole ;  at  550  lbs.  the  head  cracked  so  as  to  make  a  noise,  but  showed 
very  little  leakage,  the  cracks  being  two  radial  ones  from  the  man-hole 
opening,  and  one  some  10  inches  around  the  rim  or  flange,  where  it 
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i<»in.s  tli«-  fillf't  iiiiitiiij;  it  with  tin-  flat  jKirt  of  tlie  licad  ;  iijH»ri  pressure 
\)('\inr  j)iiiii|M<l  iij»  to  H'20  \\t<i.  jKT  Hjiian-  inch,  al>uiit  <»n«-fifth  <»f  the 
head  fell  out,  niijttving  the  vcs-*<'l  of  water  in  h^«  than  thn-c  .'mi-oikIs, 

One  (jf  the  gtiujjew  uw-tl  lor  thi*  test  w.xs  locatwl  «»n  the  highest  juirt 
of  the  <lrnni,  and  the  other  on  th<*  jtipe  <Iose  to  the  jnimp. 

V\}  to  tlie  time  of  the  breaking  out  of  tlie  j)ie<v,  not  more  than  a  lialt 
pint  of  water  esca|K.Hl,  although  In^tween  5?>0  llw.  and  H20  11**.  pre?>sure, 
there  were  alxtut  thirty  6  inch  strokes  of  a  ^  in,  tlianieter  ranj,  made 
in  about  ^  of  a  minute. 

'J'he  f(.v<l  water  inlet,  which  \mv*  e.xactly  the  same  a."  in  the  (iafmv 
boiler  hiwl  remains  intact.  :iiid  the  fnicture  i-  through  no  other  <»|>en- 
ing  than  the  man-hole. 

The  hack  h<ad  of  the  drinii  <  ,\paiide<I  very  nearly  j^g  (within  •(X)5 
in.)  of  an  imh,  in  the  experiment,  an<l  n-sume*!  its  former  shajx  an<l 
appmrs  to  lie  tiniiiipairnl  in  strength. 

It  had  lM'<-n  st.-itcd,  in  the  c«iurse  of  the  dis<rassion  of  a  pap(-r  on  thi.s 
«ul)je<'t,  that  su<'h  heads  were  unsafe  at  any  pressure,  and  under  a 
formula  subniitttHl  on  the  l)lacklM>ard  to  the  In.stitute  by  a  member, 
the  idtimate  strength  (»f  the  head  without  o|>enings  in  it,  should  have 
been  between  '2'>  and  30  lbs.  per  sipiare  inch. 

The  nsult  of  the  tot  >h<i\vs  that  such  formula  wa>  entirely  at  fault, 
and  that  the  strength  of  such  striictures  is  far  in  i-xcess  of  anv  n-cog- 
ni/.ed  factor  of  safety  for  the  s<'rvic<'  to  which  they  are  applied,  and 
meet  strongly  suggest.s  that  the  alarm  attempted  to  Ik*  rai.st'<l  u|K>n  the 
subject  was  without  reasonable  foundation. 

The  pr(»priety  of  exjH'rimentally  JtM><'rtaining  tlu"  projK.'rtie.<  of  such 
structures,  an<l  the  rules  which  shouM  govern  their  i-onstruction  and 
proportion,  as  now  Inking  done  by  the  C'ommittt'e  of  Science  an«l  the 
.\rts,  is  obvious. 

New  Method  of  Insulating  Telegraphic  Wires. — C  Wide- 
mann,  having  iij»pli»H|  tlie  pi«M  e>-«e>  ut"  .\»»bili  an«l  lUiijuerel,  fi>r  ador- 
ing by  means  of  alkaline  phnnbatiN  and  ferrates,  ol>servi^l  that  the 
pieces  thus  eoloretl  rtviste*!  all  g;dvanic  a«'tion  and  their  surfaj^es  no 
longer  condu<'te«l  the  ele<'tric  current.  .V  wire  of  copjH'r  t>r  bnuv*,  or 
even  of  iron,  may  thus  Ik-  covcretl  with  an  in.»ulating  layer,  analogous 
to  that  of  a  <H«it  ot  n-sin  or  of  gutta  penha.  The  insulation  is  <>»m- 
plete,  easily  ac«'ompli>h»Hl.  and  at  a  very  minlenite  c«»>t.  It  is  also 
very  dunible  and  but  slightly  alVectetl  by  the  different  atnmspheric 
influences. —  Comptca  lirmiun,  Ck-t.  15,  1884. 
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HANGING  THE  LEVERS  FOR  INDICATION. 


By  Robert  Grimshaw. 


Where  levers  are  used,  whether  slotted  or  with  dipping  link,  to 
reduce  the  crosshead  raotiop  of  horizontal  engines,  they  may  be  (1) 
swung  from  the  ceiling,  (2)  inverted  and  fulcrumed  at  the  floor,  or  (3) 
fastened  to  the  wall  and  swung  horizontally. 

The  first  method  is  usually  the  most  convenient,  as  being  more  out 
of  the  way  of  the  engineer  and  the  operator.  Besides  this,  it  permits 
of  the  use  of  a  long  pendulum,  and  thus  gives  minimum  distortion  of 
the  card. 

We  usually  find  engine  rooms  with  ceilings  which  permit  of  easy 
attachment  of  the  pendulum.  We  may  divide  wooden  ceilings  into 
three  classes,  (1)  those  in  which  the  joists  run  parallel  with  the  center 
line  of  the  engine,  (2)  those  having  the  joists  crosswise  of  the  engine 
axis,  and  (3)  those  which  are  ceiled  with  boards  or  with  lath  and 
plaster. 

Where  the  joists  run  lengthwise  of  the  engine,  it  is  very  easy  to 
hano-  a  pendulum.     An  ordinary  stout  lag  screw  is  used,  and  the  pen- 
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Fig.  1. 


Fig.  2. 


dulum  put  on  that  side  of  a  joist  which  will  bring  the  cord  nearest  in 
line  with  the  indicator.  By  means  of  wooden  washers  between  pendu- 
lum and  joist  and  of  projecting  pins  from  the  pendulum,  the  card  may 
readily  be  "  led  fair,"  from  the  pendulum  to  the  indicator.  This  is 
rendered  easier  by  the  fact  that  the  indicator  stem  itself  has  a  swivel 
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joint,  giving  it  four  or  Hvc  indie?*  of  l:it<Tal  adjn.xtment  when  Ijeside  a 
horizontal  cylinder,  and  more  wh<*n  on  top. 

W'licre  the  joi.Ht«  run  erfwwwi.M-  of  tin*  engine,  fa.sten  aen»w  two  of 
tlicni,  1)V  lag  serewH,  u  wfKxlen  strip  iiixnit  2"  X  ii",  having  another 
piece  al)out  A"  /  \"  naih-d  to  \{h  e«lge;  the  latter  pie<-o  having  »  \" 
hole  for  the  |H'n<lulnni  pivot.  (  Kig.  1.)  Or,  nail  a  .strip  three  inehe?4 
by  one  on  eaeh  side  of  the  joi.st,  and  nail  aenww  Ijetween  these  a  hri<lgf- 
piee*'  with  A"  hole.      (Fig.  '1.) 

Where  the  ceiling  i.s  l)oarde<l,  or  latheil  and  phistereti,  fa.-ten  to  it,  hy 
lag  8orewH  or  large  gimldx,  the  first  angle  pii'<'c  reeoniniendetl  for  crow*- 
wiw  joints. 

WlM're  there  are  sloping  nifters  inste:ul  of  horizontal  joi^t.^overheiui, 
they  gen«'rally  run  cros-^wise  of  the  engine,  and  may  have  naihil 
acroas  two  of  them  a  straddle-piece  having  \{a  «lge  bevele<l  to  suit  the 
slant  of  the  r(M)f. 

There  is  one  sjiti.sfaction  alxiut  this  «Lse :  it  generally  allows  the  use 
of  a  long  pen<lulum,  very  easy  t()  get  in  line  with  the  instrument. 

The  stniddle-pie<v  may  he  either  of  Miuitling,  as  in  Fig.  3,  or  of 
hoards,  its  in  Fig.  4. 

Where  ceiling  attachment  is  imj>ossil)le,  as  is  sometinioA  the  (•».•<•  I»v 
reason  of  stwini  pi|)es,  etc.,  in   the  way,  the  iiiverte«l   lever  pivotetl  fo 
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the  fltH)r  is  the  handiest,  if  the  flt>4»r  hap|>ens  to  U-  nt"  \MMxi  ;  om  n  ,,i 
e:irth,  «*ement,  hricjc,  stone,  or  iron,  anotiier  method  will  have  to  be 
eliosen. 

lint  suppo>iiig  the  tloor  to  U*  t»f  wixhI,  it  is  lH>*t  \o  make  a  luis<'  piet^e, 
which  can  Ik-  fastene<l  down  snug  :igainst  the  l>etl  plate  of  the  engine, 
by  screws  or  large  gindets.     (Figs.  5  aiui  6.)     A  piece  of  3"  X  4" 
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scantling  12  inches  long,  makes  a  good  enough  base  piece,  but  care 
must  be  taken  that  the  lever  stands  plumb. 

An  improvement  in  this  gives  lengthwise  adjustment  of  the  lever 
pivot,  after  the  block  is  fastened  down,  so  that  the  rig  shall  be  in  line 
with  the  crosshead  attachment,  if  a  slotted  lever  is  used,  or  just  the 
length  of  the  dipping  link  in  advance  of  it  if  the  latter  is  employed. 
The  pendulum,  instead  of  ,  being  pivoted  to  the  block  directly,  is 
attached  to  a  right  angle  trough  piece  or  |,  having  in  its  upper  side 
oblong  bolt  holes,  to  give  it  about  an  inch  endwise  adjustment.  (Fig.  6.) 


Fig.  5. 


When  the  floor  is  of  such  a  nature  as  not  to  permit  of  screwing 
down  a  base  piece,  I  have  used  a  heavy  square-sided  balk  of  wood, 
weighted  down  with  castings.    (Fig.  7.) 


Fig.  6. 


Wall  attachments  and  horizontal  pendulums  are  not  at  all  to  be 
recommended,  as  they  are  very  much  in  the  way,  and  the  point  of 
cord  attachment  on  the  pendulum  is  necessarily  far  out  of  the  line  of 
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the  indii-ntor.  But  \\wy  are  on  rare  occasions  necesssary.  It  \a  gene- 
rally ii<*<'<>-vM;irv  to  iiiak*,'  a  bnuket  say  IM"  ;■'  <>"  ,<  <i"  to  nail  or  screw 
to  till'  wall  at  liie  projM-r  lu-i^lit  lor  the  <Tos»hea<l  att;i<-hiiH'iit. 

Winn  tluH  rig  is  iwed,  «jK.vial  ean'  nia><t  Ix;  taken  t«»  have  the  |m'U- 
(iiiiuiii  pivot,  th«*«-onl  attai'htnciit  aii<l  tin;  iixlicjitor  ptilh-v  forrii  a  ri^flit 
uiij^'h'  wlitii  tin-  cro-v^lM-ail  i.-^  at  iiiidstrokr;  aii<l  when  the  .-lottt-^l  l«Vfr 
i>  ii>«<l,  to  have  tlif  |M  iidiiliiiii  (XMiter  exactly  abreast  <jf  the  cnjK-htwl 
attiichnit'iit,  when  the  latter  i.s  at  niiiUtrokc 

If"  tije»e  pr^H-autions  are  not   taken,  the  ii\Ti\>  will  Ik;   false;   making 

cut  ofV  a|>|iear  t«io  early  on  one 
end,  and  t^»o  late  on  the  other, 
hut  in  <litr«T«-nt  amount.'*. 

I  do  not  know  that  I  um  .-ay 
enough  again.st  the  asc  of  guide 
pulleys  to  bring  the  «"r>nl  from 
the  retiucing  lever  to  the  indi- 
<-:itor  pldlev. 

Then*  are  very  few  «-.tM- 
where  guide  pulleys  are  at  all 
(".ilh-ij  for.  perhaps,  where 
overhezjd  piping  interferes,  they 
mav  (M-^-tusionallv  Im-  ne<x*<sar>'; 
but  M'Mom  els«*\vher«'.  They 
are  troublesome  to  atti.x,  are 
-ehlom  stitf,  and  the  con!  is  apt 
to  ride  them  when  -lack,  and 
'jet  jajunuti  in  In'tw^i-n  the 
wheel  and  its  fnime,  and  break 
when  hatdtMJ  on.  I  have  had 
to  .Htop  an  engine  that  wx-  tiriv- 
ingtwo  mills,  in  onhr  t«>  clindi 
upon  it  and  unhitch  or  n>placc 
the  itmls  from  this  e:ius«». 

Uub**  there  is  .s4>mething  in 
the  dinx't  line  lietwecn  the  ci>nl 
attaehment    and    the    indi«':itor 
J.-,,,  ^  pulley,  guide   pulhy-    an*   not 

nocessjiry ;  as  in  onier  to  get  correct  motion   it   is  only  cstH'ntial  to  .sec 
Whole  No.  Vol.  CXVII.— (Third  Skriks,  Vol.  Ixxxril.)  il 
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that  when  the  crosshead  is  at  midstroke,  the  cord  attachment  forms  a 
right  angle  witli  the  pendulum  centre  and  the  indicator  pulley. 

A  good  way  to  insure  that  the  pendulum  centre,  the  cord  attachment 
and  the  indicator  pulley  form  a  right  angle  when  the  crosshead  is  at 
midstroke,  is  to  have  a  separate  arm  in  the  shape  of  a  right  angled 
triangle,  having  scribed  along  near  one  leg  a  line  containing  the  pen- 
dulum centre  and  cord  attachment  and  having  a  number  of  parallel 
lines  drawn  at  right  angles  thereto.  This  arm  is  pivoted  on  the  same 
bolt  which  carries  the  main  lever,  and  is  adjusted  to  such  an  angle  that 
the  cord  going  to  the  indicator  pulley  will  lie  at  right  angles  to  this 
radial  line.     A  light  screw  holds  it  in  this  position.     (Fig.  8.) 


DOCTORING  INDICATOR  CARDS. 


By  Robert  Grimshaw. 


I  found  out  some  years  ago,  to  my  loss  and  disgust,  that  a  card  is 
not  by  any  means  prima  facie  evidence  of  good  or  bad  engine  per- 
formance ;  and  I  shall  here  enumerate  for  the  benefit  of  my  readers 
a  few  of  the  tricks  which  I  know  to  be  practised  ;  trusting  confidently 
that  this  expose  will  prevent  much  more  tricking  than  it  causes. 

One  of  the  most  common  and  literally  transparent  tricks  is  present- 
ing tracings  instead  of  the  original  card. 

Another  is  omitting  the  atmospheric  and  boiler  pressure  lines  and 
drawing  them  in  afterwards  where  best  desired.  This  trick  is  also 
modified  by  drawing  one  of  these  in  properly  while  the  paper  is  on 
the  barrel,  and  then  shoving  the  paper  down,  if  the  atmospheric  line 
is  drawn,  or  up  if  it  is  the  boiler  pressure  line.  Thickening  all  the 
lines  so  as  to  bring  the  diagram  nearer  the  horizontal  lines  named,  is 
practiced;  as  is  "taking  the  atmosphere"  with  steam  connection  not 
quite  shut  off.     The  latter  is  very  often  done  unwittingly. 

Taking  cards  only  from  the  end  that  has  the  highest  initial  pressure 
or  the  freest  exhaust,  or  the  least  clearance,  is  not  unusual  with  one  or 
two  engine-builders. 

About  the  best  opportunity  for  deception  is  offered  by  the  reducing  rig. 

We  will  suppose  that  the  valves  as  made  and  set,  cut  off  too  late  at 
the  back  end.  The  instrument  is  applied  to  the  back  end,  and  the  cut- 
off point  in  the  diagram  set  back  from  its  proper  place,  if  a  reducing 
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wh«t,'l  is  UMttl,  by  Uwliiij;  tin*  (-"inl  ai  an  angle  fmiii  the  true  parallel 
with  the  piflton  rod,  which  it  should  octiipy  at  all  p(«Hition>«  «if  the 
croHsluiul.  If  II  lov«*r  rij;  in  uh«-«1,  tin*  <"«»p1  an^h-  if*  riiadi*  ^urh  a««  to 
piv*',  for  the  first  «ninrter  or  ei^(htli  of  the  outstroke,  Um  little  motion  of 
the  {)a|Mr  drum;  and  fur  the  expaiMioii  peri<xl  too  much. 


Tin-:  .SL'N-KAKTII   ]iAL.V.\(  K. 


liv    Pl.INY    KaKI.K  ClIAHK,    LL.I>. 


The  follnwinj;  is  the  .Hhort4-st  methtxl  whi«h  hius  ever  l>oen  puhliAhed 
for  eMtimatin^  the  xun's  distiuu^c  I  U'lievr  that  it  i.s  al?**)  the  mf>^t 
acc'unit*'  tiu'tho<l,  for  the  following;  reawoiw. 

1.  If  the  hy|M>the«is  of  an  all-|M'rvuding  l(iniinifemu.s  u'ther  i^  tnie, 
all  its  cvfliral  tnovi>inrnt.s  must  Ih*  rhvthmir,  or  harmonir,  thi*  variuuis 
forms  of  rhythm  In-in^  goviTUitl  hy  various  «i-ntn?*  of  i>s<-illation. 

2.  The  gimpli^t  kind.s  of  o>scillator>'  motion,  in  ofwmind  iMMJiirx.  are 
limiir  and  sph<'ri«"id. 

.'{.  Laphuv  .showixl,  in  dixMussinj^  the  motion.s  of  .lupiter'.s  .satclIiteH, 
that  whenever  there  are  tendencies  to  .simple  numeri«^il  relation^*,  id 
[)lanrtnry  arnui«;cnn'nt.s,  all  the  fonts  of  the  system  (xjinbiiu*  to  make 
thos*'  tciulcncics  exact. 

4.  The  sun  i.s  the  principal  ivntn?  of  attraction,  and  the  «-arth  is  the 
priiici|>al  centre  of  oomh>n.sat ion  in  the  Holar  system. 

/).  The  earth  Is  alj«»  a  (*'ntre  of  linear  o^illation  for  a  |»oint  in  iJie 
orhit  of  Marx,  a  centre  i»f  n»tan>'  iiu-rtia  f«tr  a  .'^ujH'rtiiial  film  of  con- 
den.sation  or  of  luminous  undulatitm  in  the  .same  orbit,  and  a  centre  of 
rotary  itiertia  for  an  a'thcreal  sphere  which  has  itit  limit  in  the  a^ite- 
roidal  l>elt. 

The  action  and  reac'tion  of  lethereal  waves,  U'tween  thwc  two  im- 
portant (vntres,  have  pnNJuced  an  amount  of  gravitJition,  at  the  e:irth's 
surface,  which  is  sufficient  to  jjive  a  circular  orbital  vihvitv  of 
I  f/r=  4JK>73  miles  |K»r  stximd.  Tin*  lini'ar  oscillation  of  the  enrth 
arouml  the  sun,  oombine<l  with  tiie  sup(>rticial  resistance  at  the  outer 
limit  of  the  belt   of  ^reatt'sl  comlensition,  multiplier*  tiie  ener)fv  bv  1, 

and  the  rotary  u^thertiil  oe^'illation  midtiplii>!i  it  by  ^.     ('•■-- ntlv, 

thee:irth's  vehK'ily  of  revoluti«tn,  which  mensunrs  the  pr-  :   ru 

rttvf  :ipiinst  uniform  reaiiitanoe,  is  |  X  |  X  4'9(i73  s=:  l8-4irJ4  mil«« 
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per  second.     There  are  31,558,149  seconds  in  a  year;  therefore  the 
sun's  distance  is  18--4024  X  31,558,149  -^  2;r  =  92,428,300  miles. 

The  sun  can  be  weighed  by  its  musical  rhythm,  with  a  correspond- 
ing facility.  Orbital  velocities  vary  inversely  as  the  square  root  of  the 
distance  from  the  centre  of  gravity.  Any  two  attracting  masses  bear 
the  same  ratio  to  each  other  as  the  distances  at  which  they  would  com- 
municate equal  orbital  velocities,  to  particles  which  revolve  about  the 
centre  of  gravity  of  the  attracting  bodies.     Hence  we  have 

Earth's  rad.  vee.  Earth's  rad. 

92428300  X  (f  X  f)'  :  3962.8  ::  327994  :  1. 

In  other  words,  the  sun  weighs  327994  times  as  much  as  the  earth. 

There  are  many  other  harmonic  tendencies,  which  are  introduced  by 
the  masses  and  distances  of  other  planets,  as  well  as  by  the  correlations 
of  electrical,  chemical,  and  other  forces,  which  may  slightly  modify 
these  estimates.  There  is,  however,  no  likelihood  that  the  adjustments 
of  universal  equilibrium  would  make  a  secular  variation  of  ^  per  cent, 
in  the  earth's  mean  distance  from  the  sun,  and  there  has  never  yet 
been  any  astronomical  estimate  of  that  distance  which  has  so  small  a 
probability  of  error  as  the  one  here  given. 


Injurious  Effects  of  Illuminating  Gas.— Dr.  Arnozan  recounts 
many  accidents,  which  have  fallen  under  his  observation,  among  per- 
sons who  have  used  gas  for  cooking.  These  accidents,  which  are 
almost  always  of  a  medical  character,  are  especially  frequent  when  the 
gas  is  burned  in  portable  furnaces,  which  are  not  provided  with  a  suit- 
able chimney  for  carrying  off  the  products  of  combustion,  or  when  the 
gas  is  allowed  to  remain  in  rubber  tubes.  The  latter  risk  may  be 
mostly  avoided  by  shutting  the  gas  off  from  the  tubes  whenever  the 
apparatus  is  not  in  use;  but  even  then  the  rubber  wears  away  so  rapidly 
as  to  require  frequent  replacement.  Whenever  gas  is  used  for  cooking 
it  should  always  burn  with  a  blue  flame,  as  in  the  Bunsen  burner,  on 
account  of  neatness,  economy  and  health.  Unfortunately  the  combus- 
tion of  the  gas  is  usually  very  incomplete,  on  account  of  the  deteriora- 
tion, or  the  bad  arrangement,  of  the  apparatus.  Generally,  also,  kitchens 
are  badly  ventilated.  Some  accidents  are  reported  from  burns  occa- 
sioned by  the  explosion  of  a  detonating  mixture  at  the  moment  when 
the  gas  is  turned  on. —  Genie  Civil.;  Les  Mondes,  Feb.  2,  1884. 
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STANDARDS  OF   LENGTH  AND    IlIKIU   SlIiDI  VISION. 


By  Gw)i«iK  M.  JJoND,  Hartford,  Conn. 

[A  lecture  ilellvered  Jxsfore  iho  Kranklin  IXHTiTrTK,  February  21. 18RI.' 
(Concludfd  froiii  piige  2U'>.) 

After  havinj;  thus  hric'fly  considered  the  suhjett  of  tlie  "evohjtion" 
of  a  standard,  and  the  conditions  under  whicli  it  must  continue  iu 
order  to  Xm  worthy  of  Ikmuj;  <5illed  a  stan<hird.  we  will  now  attempt 
to  show  some  of  the  methods  ado{)te<l  for  comparing  these  yanl  or 
meter  hars,  and  explain  some  of  the  principlr-  u|>on  which  the  act-ti- 
racy  of  the  comparison  (k-jK-nds. 

We  have  already  partly  descril)ed  the  way  in  which  the  end  meter 
is  compared  or  transfrrre<l  to  a  line  me-.Lsure  l>y  the  refle<-tion  of  a 
fine  point  of  platimim,  without  actually  tou«hinj;  the  eiul-  of  the 
standard  har.  We  may  now  notice  how  two  standard  end  me:isure 
bars  may  l)e  comparc<l,  usinjr  a  meth<Kl  hy  which  the  <lit!'ennc«-»,  if 
any,  are  j^reatly  magnified,  and  are  thus  very  n-adily  determincii. 

A  most  inj^enious  aij)plic:ition  of  the  laws  of  the  refh'<-tion  of  lijjht 
was  made  by  Joseph  Sa.xton  for  comparison  of  end-measun-  Uirs, 
and  for  which,  in  recognition  of  its  value  to  s^-ienct',  he  was,  in 
1837,  awardtnl  the  John  Sott  Lej^uy  .Meilal,  his  invention  l>eing 
the  Refle<*ting  Comparator.  It  dejK'ntls  up<>n  the  magnified  dis- 
tance of  the  path  of  a  refU'<te<l  my  of  light,  causeil  by  the  rotation 
of  a  mirror  i)laced  vertiuilly,  and  delicately  pivoteil,  the  spindle  of 
the  mirror  Inking  connected  with  a  sliding  bjir  by  a  fine  watch  fu.see 
chain  wound  around  the  barrel  of  the  mirror  spindle.  At  the  end 
of  the  sliding  bar,  to  which  this  chain  is  attachwl,  omtact  is  made 
with  the  end  of  the  standard  to  l>e  compare<l,  the  otIuT  end  of  the 
standard  lH>ing  firmly  abutte<l  ag:iinst  an  immovable  '*  stop." 

Hv  first  placing  the  standard  \x\v  in  p«»>iti(»n,  care  U'ing  taken  to 
have  the  bar  supjMtrtiil,  as  vou  will  remendn'r,  at  the  "neutral  |KMnt.s," 
and  exactly  in  line,  so  that  the  centers  of  the  opposite  cmLs  of  the 
standard  are  apiinst  the  contact  surfaces  of  both  the  stationary  ami 
the  sliiling  stops — and  which,  by  the  way,  is  one  of  the  mi»si  tliffi- 
cult  fmtures  of  the  ex|>oriment — a  ray  of  light  is  brought  to  bear 
upon  the  mirror,  and  the  retltvtion  of  a  circular  scale  Is  ob8er\*ed 
through  a  small  tele.scojH\  mountwl  just  alwve  this  divi«leii  arc. 
This  circular  scale  may  U'  plaitnl  at  any  ix)nveiiient  di.stance  froiu 
the  mirror,  sav  16  or  20  feet. 
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It  is  evident  that  a  very  slight  motion  of  the  sliding  bar,  G,  in 
the  figure  shown  upon  the  screen,  (Fig.  1),  will  cause  a  ray  of  light, 
reflected  from  the  mirror,  31,  to  which  its  motion  is  imparted  through 
the  small  chain  and  drum,  to  move  with  a  much  greater  velocity  at  the 
distance  of  the  large  circular  scale,  R  S,  and,  as  the  angle  of  incidence 
is  equal  to  the  angle  of  reflection,  a  motion  of  the  mirror  through  an 
arc  of  5  degrees  would  cause  a  motion  of  the  reflected  ray  of  10 
degrees,  as  we  may  readily  understand  by  taking  the  geometrical  proof 
in  illustration. 

A  polished  surface  is  placed  so  tliat  the  light  strikes  it  "  squarely/' 
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Fig.  1. 


or,  in  other  words,  at  no  angle  whatever ;  it  will  evidently  be  reflected 
directly  back  to  its  source.  Now,  suppose  it  is  rotated  into  such  a  posi- 
tion as  indicated  in  the  accompanying  figure,  (Fig.  la),  which  is  just  45 
degrees  as  compared  with  its  original  position,  the  light  still  coming 
from  the  same  direction ;  it  now  strikes  it  at  an  angle  of  45  degrees, 
and  as  light  is  always  reflected  at  the  same  angle  as  that  at  which 
it  strikes  a  polished  surface,  its  new  path  will  be  again  45  degrees 
from  the  plane  of  the  mirror ;  but,  as  you  will  see,  it  is  twice  45 
degrees  with  respect  to  its  incident  path,  and  is  thus  reflected  at  an 
angle  of  90  degrees. 


May,  18U.] 


Slandarda  of  I^nyth 


3.59 


We    can  readily  sc*€  how  extremely  delicate    or   aeasitive    to    the 
fllipjhtest  chanj^e  of  jKwition  thin  refle<-te<l   ray  l>e<-orae3.     A«  li^ht  rnav 
be  said  t<^>  have  no  weight,  and  (•<)ns<'quently  no  tnonientuni  or  inertia 
it  will  fjuickly  and  certainly  indicate  the  .slightest  change  in  length  of 
a  Htaixhird  «-rid  in(*:L>^iire  Imr. 

IJy  calculating   the    length   of   tin     relativ*-    "lever  amis"   we   caxi 


Fio.  la. 

ea.sily  determine  the  magnifying  capacity  of  such  an  instrument  of 
prciMsion.  For  instanc*',  sup|M»^ing  tlir  «lruin  on  the  spindl.-  to  which 
the  rotating  mirror  i.s  attache  1  is  one-<juarter  of  an  inch  in  diameter, 
and  that  the  length  of  the  radius  of  the  large  circular  sc-.ile  is  20  feet, 
we  have,  using  the  ilouMe  angle  in  this  ridation,  the  dist:im«o  moved 
by  the  sliding  Imr  touching  the  .standanl,  a.-*  compan«<l  with  the  are 
pas^^.vl  over  by  the  refle<tcd  ray  at  the  distance  of  20  feet  from  the 
mirmr,  and  rwlucing  to  the  .same  unit  as  jt  •  ^  v  ^  —  jjJ^  U  to 
1,  or  as  1  is  to  .1S4(),  hence  a  m«)tion,  or  variation  of  one-thousandth 
of  an  inch  at  the  j>oint  of  contact  would  be  384  inches  at  the  scale. 
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By  placing  a  metallic  bar  in  a  closed  tube,  the  ends  merely  project- 
ing through  this  tube,  and  filling  the  tube  with  ice  water,  and  then 
with  water  of  a  known  higher  temperature,  and  comparing  the  lengths 
of  the  same  bar  under  these  varying  conditions,  the  amount  of  expan- 
sion for  each  degree  can  be  determined ;  this  will  give  us  what  is 
called  the  coefficient  of  expansion,  to  which  reference  has  already  been 
made. 

The  comparator  in  use  by  the  United  States  Coast  Survey  at  Wash- 
ington, designated  as  the  Saxton  Yard  Dividing  Comparator,  is  one 
designed  by  Mr.  Saxton  while  in  charge  of  the  construction  of  standard 
balances,  weights,  and  measures  of  length,  to  be  presented  to  the  dif- 
ferent States,  to  insure  uniformity  throughout  the  country. 

A  short  description  of  this  comparator  may  be  quoted  from  a  paper 
read  by  Professor  W.  A.  Rogers  before  the  American  Academy  of  Arts 
and  Sciences,  April  14,  1880,  "On  the  Present  State  of  the  Question 
of  Standards  of  Length,"  and  from  which,  also,  much  that  is  of  interest 
in  regard  to  our  subject  matter  for  this  evening  has  been  obtained. 
Any  one  wishing  to  pursue  the  subject  further,  the  paper  entire,  and 
the  references  contained  at  the  end  will  be  of  very  great  assistance. 

"  The  Saxton  Comparator  consists  of  a  brass  bed-plate,  having 
V-shaped  ways  running  the  entire  length.  A  slide  carrying  a  micro- 
scope slides  freely  over  these  ways. 

"  A  series  of  brass  posts  form  a  part  of  this  bed,  through  which 
pass  steel  screws,  having  conical  ends,  which  have  been  tempered  and 
polished.  There  are  stops  for  the  yard  and  for  its  subdivision  into 
feet,  and  of  one  foot  into  inches.  There  are  also  stops  for  the  meter 
and  for  its  subdivision  into  decimeters,  and  of  one  decimeter  into 
centimeters.  *  *  *  Xhe  end  stops  for  the  yard  and  for  the 
meter  were,  many  years  ago,  set  to  correspond  with  ^'Bronze  No.  11," 
at  58°  nearly  for  the  yard,  and  with  the  iron  meter  at  68°  nearly. 
*  *  *  The  standards|which  have  been  distributed  since  1856  have 
been  transferred  from  these  distances  at  the  temperatures  at  which  they 
are  standard. 

"  The  yard  in  actual  use  at  the  Bureau  of  Weights  and  Measures, 
therefore,  may  be  defined  to  be  the  distance  between  two  steel  stops 
attached  to  the  bed  of  the  Saxton  Comparator  which  corresponds  to  the 
length  of  Bronze  No.  11,  at  58°  nearly,  and  the  meter  may  be  defined 
to  be  the  distance  between  two  steel  stops  of  the  Saxton  Comparator 
which  corresponds  to  the  length  of  the  iron  meter  corrected  for  the 
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difference  between  its  lenj^h  at  32*^  and  at  G8°,  neiirly.  Re<"ent  coni- 
pari.sons  imlicatc  that  tints*.'  t<rn|KTatures  should  l)e  diminishe<l,  by  a 
trifling  amount,  lor  th<'  |>r<^«eIlt  distjuw^  l»<t\vocn  the  stops  U)th  for 
the  yard  and  for  the  meter." 

Engravings  iepn*ft<'nting  th<'  Saxton  Van!  l)ivi<ling  Comparator  and 
also  the  Saxton  Reflec-ting  Comparator  here  shown,  were  f»btained 
through  the  kindness  of  Prof.  J,  K.  Ililgard,  Chief  U.  S.  Coast  Survey, 
by  whom  ever)'  facility  was  af!'onl(*<l  me  for  i-xamining  the  m«'thods  of 
comparison.  The  courtesy  of  Mr.  lilair,  assistiint  in  <harg«',  ha<» 
aided  me  greatly  in  thus  Injing  able  to  illustrate  the  instruments  now 
in  use  at  the  office  of  the  Ckjast  Survey. 

Another  form  of  a  conijKirator,  which  has  |»niv«*«i  to  U-  su<"«-«-^-tMl 
in  the  use  of  the  means  "  fur  the  end  sought,"  in  the  eomparis<m  and 
investigation  of  standards  of  length,  is  that  known  as  the  Kr>gers-Iiund 
Universal  Companitor,  wliieh  was  constructeii  from  plans  pn>jK»s4*<l  by 
Prof  Rogers  l)y  the  IVatt  <V-  Whitney  Comjiany,  of  Ilartfonl,  Conn., 
for  their  use  in  pnicti(?illy  establishing  standard  gauge  dimension.s.  A 
duplicate  comparator  of  this  form  was  also  made  by  them  for  Prof. 
Rogers  for  his  proftssional  work  at  Cambridge,  and  for  the  transfers 
and  comparisons  of  standanls  u.sc»d  by  the  Pratt  A'  Whitney  C<>mj>any 
as  the  basis  of  these  standard  sizes. 

The  <ouipanitor  at  Cand>ri<lge  is  also  usi'd  by  I*nif.  Ritger-  in 
determining  the  co<'ffiei«'nts  »>f  expansion  of  the  various  materials 
used  in  the  construction  of  standard  yard  and  meter  bars,  and  al><^»  for 
obtaining  the  relation  U'tween  tin-  length  of  the  Imperial  Yani  and 
the  "MMredes  Archives."  The  solution  of  this  latter  interesting  and 
difficult  pn)blem  is  fully  given  in  a  Memoir  by  Prof  Rogers,  pn^<*'nted 
May  9th,  lH8.'i,  before  the  Ameritan  Aaulemy  of  Art*;  and  Sciences, 
entitled  "  Studies  in  Metrology,"  and  t«>  which  reference  may  Ix^  had. 

The  special  featurty  of  the  I'uiversal  Comparator  are,  as  it«  name 
implies,  the  variety  of  the  metluxis  emphtyinl  an<i  the  n\n^^  of  work 
that  am  \n>  done  in  comparing  standards  ;  exich  in»le|H-n<lent  nu'tluH.1, 
when  carefully  carrieii  out,  prmluciug  similar  results  which  serve  to 
check  or  prove  the  comparisons.  It  includes  a  meth<xi  for  invt^*tigating 
the  sulnlivisions  of  the  standard  by  comparing  iiwh  part  of  the  total 
length  with  a  constant  or  invariable  <piantity  or  distaiu'c. 

Ry  the  aid  of  the  diagram  of  the  plau  and  elevation  of  this  form 
of  oomimrator,  the  aim  lK>ing  to  exhibit  principie*  rather  than  a  picture 
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of  the  instrument,  we  may  be  able  to  describe  in  a  few  words  the  main 
features  of  its  construction.     (Fig.  2). 

A  heavy  cast  iron  base  A,  is  mounted  upon  stone  capped  brick  piers, 
giving  a  permanent  foundation  to  the  apparatus.  Upon  this  base,  and 
reaching  from  end  to  end,  are  two  heavy  steel  tubes,  B  and  C,  three  inches 
in  diameter,  ground  perfectly  straight,  and  being  "  true  "  when  placed 
in  the  centres  of  a  lathe,  the  object  being  to  get  a  straight  line  motion 
of  the  microscope  plate  D,  which  slides  freely  on  these  true  cylinders. 


Fig.  2. 

Flexure  of  these  cylindrical  guides  is  provided  for,  by  lever  sup- 
ports at  the  neutral  points  n  and  n'.  Fitted  closely  to  these  guides, 
and  outside  of  the  range  of  motion  of  the  microscope  plate  D  are  two 
stops,  E  and  F,  one  at  each  end,  as  shown  in  the  figure.  These  stops 
are  arranged  to  be  adjusted  at  any  desired  position  along  the  guides, 
and  are  securely  held  by  clamping  on  the  under  side  by  the  handles  G 
and  H. 

These  stops  are  each  provided  with  a  pair  of  electro-magnets,  I  and 
J,  the  poles  of  which  do  not  come  in  contact  with  the  armature  seen 
at  either  end  of  the  microscope  plate.  Contact  is  made  at  K  and  L, 
which  are  hardened  steel  surfaces,  tempered  and  polished,  and  placed 
as  nearly  as  possible  in  the  centre  of  the  plate  and  of  the  stops. 
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The  magnete  are  intended  to  oven'fjnie  the  unwjual  prwsiire  due  to 
ordinary  contact,  a  rack  and  pinion  In-inj;  use<l  to  move  tl.e  plate. 
The  magnets  are  uneil  to  lock  tlie  micros<-ojK;  plate  at  each  end  of  itH 
traverse  between  the  stops.  The  ase  made  of  thi.s  sliding  raicrrj©co|>e 
plate  and  the  sto|)s  we  shall  se<'  presently. 

Beyond  the  main  Ijase  just  di-scrilx^l,  and  suj)|>orte<l  also  on  hrick 
piers,  is  an  auxiliary  aist  iron  frame  S,  which  is  provided  with  lateral 
and  vertic-al  motiitn  within  limits  of  /,«to  and  M  and  10  inches, 
resj)ectively,  fur  rough  or  appro.ximate  adjustment,  and  u|>on  the  top 
of  this  frame  are  two  carriages,  O  and  O',  which  slide  from  end  to 
end,  a  distance  of  about  40  incluw.  Upon  these  sliding  tarriages  are 
placcil  tables  T  an<l  7',  provide<l  with  mejins  for  minute  adjustment, 
for  ruotion  Icngthwis*-,  sidewis*',  and  for  h'veling,  thus  |M-rmitting  the 
adjustment  of  a  standard  yard  l>ar  (|uickly,  and  without  the  ne<t^«sity 
of  its  In-ing  toucheil  with  the  hands  after  l>eing  pla<"e<l  u|M>n  the  table 
until  the  work  of  comparison  is  c«)mplcte<I. 

liefore  describing  the  o|>erations  necessary  for  a  series  <if  comjmri- 
sons,  it  may  In*  well  to  explain  the  jMH-uliar  fitness,  for  pur|H»scs  of 
this  kind,  of  the  microscojK>s  M  and  J/'  usctl  in  this  connection. 

The  tubes  are  12  inches  long  and  1|  inches  diameter,  the  eye-piece 
micrometers  m,  and  ;n,  were  made  by  Joseph  Zcntmayer,  of  this  city, 
whose  skill  as  an  optician  is  too  well  kn»)wn  to  ntpiire  further  pn>of 
of  their  excellenci'.  The  objectives  were  made  by  tin-  late  Mr.  K.  B. 
Tolles,  of  Boston,  aiul  are  each  fitte<l  with  his  illuminating  prism. 

In  ortler  tt)  usi.'  a  miiTo>co|M'  u|M(ti  lines  ruhnl  on  |)olisht'<l  surf:u>"s, 
or  on  any  ojKUpie  material,  some  means  for  obtaining  sutlicient  light 
nuist  l)e  employetl  to  see  them  distinctly,  without  the  use  of  reflectors, 
which  an-  ofti-n  a  sounx*  of  error  in  sUuidanl  work. 

In  no  other  form  of  objective  diR's  this  nnjuiremcnt  sitin  better  ful- 
filleil  than  in  that  inventeil  and  made  by  Mr.  Tt»lli*i.  The  objectives 
are  each  fittetl  with  a  prism  of  jn^rfectly  clear  glass,  placcxl  just  alwve 
the  lower  lens,  and  one  en«l  of  the  prism  juusscs  through  the  sitle 
of  the  objwtive.  The  inner  end  »>f  this  prism  is  beveleil,  (^Fig.  ■I),  form- 
ing such  an  angle  of  the  end  surface  to  the  axis  of  the  prism,  that 
light  is  refracted  jKT|M'ndicularly  ujxm  the  surfatv  «»f  the  Iwr,  lini-s 
less  than  jjJoj  of  an  in<h  in  width  In-ing  aisily  seen  anti  sejKiratcil 
with  a  one-inch  objwtive.  It  may  l>e  said  to  "carry  its  own  lantern," 
and  with  light  so  thn>wn,  just  where  it  is  most  neixleil.  the  Inittom  of 
the  cut  or  furrow  of  a  line  cut  by  a  diamond  etlge,  as  fine  as  that  just 
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stated  (gQ^Qo  of  an  inch),  as  well  as  the  edges  of  the  furrow,  can 
readily  be  seen. 

This  method  of  illumination  has  proved  to  heinvaluable  in  the  work 
of  comparing  line  measure  standards,  especially  so  in  the  case  of  bars 
having  the  lines  ruled  on  polished  gold  surfaces  at  the  bottom  of  wells 
sunk  one-half  the  depth  of  the  bar,  these  wells  being  not  over  one-half 
an  inch  in  diameter,  as  in  the  case  of  Bronze  1,  and  also  of  the  bar 
now  before  you. 

The  first  operation  in  the  use  of  this  form  of  comparator  is  to  level 
the  main  base,  A,  then  sliding  the  microscope  plate  D,  from  end  to 
end  of  the  steel  tubular  guides,  having  the  microscope  adjusted  so  as  to 
be  in  focus  upon  the  surface  of  mercury  held  in  a  shallow  trough,  over 
which  the  microscope  passes,  the  curvature  due  to  flexure  of  the  guides 


Fig.  3. 

is  determined,  and  may  be  compensated  for  by  counter  weights  at  the 
neutral  points  of  support,  n  and  n^. 

In  order  to  test  this  right  line  path  of  the  microscope  plate  horizon- 
tally, the  method  of  the  "stops"  is  employed,  or,  another  method, 
which  is  that  of  tracing  a  fine  line  the  entire  length  of  a  standard  bar 
upon  its  upper  surface,  and  reversing  the  bar,  tracing  another  line  very 
near  the  first  and  at  an  equal  distance  apart  at  each  end;  then  if  this 
distance  is  uniform  between  the  two  lines  the  entire  length,  it  is  safe  to 
assume  that  the  path  of  the  plate  is  a  straight  line  horizontally,  and  at 
the  middle,  the  amount  of  curvature,  if  any,  and  also  if  regular,  is 
readily  determined.  This  method  has  been  used  by  Professor  Rogers 
with  marked  success. 

The  "stop  method"  is  to  compare  a  line  measure,  or  an  end  measure 
bar,  on  each  side  of  the  centre  line  of  motion  of  the  microscope  plate, 
using  one  microscope,  and  comparing  this  fixed  length  with  the  con- 
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Htant  quantity  Ix-fore  nferrMl  t<>,  whicli  i.«*  tl»e  cliHtanct*  lietweeii  the 
htops.  SIkjiiM  tin;  path  Im-  a  ciirvc-il  oijo,  the  <liHtan(f  botwcen  the 
(Ifliiiiii^  lines  n|H>n  the  har  will  a|)|x-:ir  (greater  on  one  fside  than  on  the 
other  in  |)ro|K)rtion  to  the  amount  ol"  «iirvatur('  exiiitin^;.  The  leii^h  of 
the  standard  In-in^;  the  (•h()nl.''  of  cirele?-  of  «litYerent  ratlii,  hut  hy  oini- 
paris<jn  with  the  'tops,  si-etns  niilly  to  lie  ditlerent  in  length  at  i-:ie|i 
|)OMition,  cauHetl  hy  the  ditlerent  <li>tan(^,  thruu|irli  a  lar^T  arc  paired 
over  hv  tlu'  n»ieros40|>e.  \\\  mejins  (»f  the  proportion  of  similar  tri- 
anj^Ies,  the   lenj^ths  of  the  radii   may   Im-   very  a«vnrately  iletermin«-«|. 


Fk;.  4. 

\\\  placin;;  tlilVerent  ^^tandanls  on  one  side  of  the  line  of  the  stoj**,  they 
may  l)e,  by  being  poni|)aretl  with  a  constant  tpiantity,  <x>nj|»jinHl  alsi» 
with  each  other. 

Another  nietiitxl  for  ounjuuinj;  two  or  niiin*  -tandanls,  i-  to  plane 
two  mioro»4oo|>094  one  on  «':ioh  of  two  niicni«>o|H'  plate$<  iijion  the 
guides,  at  a  distanee  detennincxl  by  the  length  of  one  of  tlie  stnn«hinl.«, 
and  by  rej)la<Mnj;  this  one  by  a  si><"on«l,  the  ei»ineiden«v  of  the  lin«>  in 
the  eye-pit-ee  mierometer,  or  their  variation,  showinf;  their  relation. 
The  mieromxn>es  may  Ih»  placetl  horizontally  in  this  same  fixe*!  n'lation, 
M>inix  the  metJKMl  invent*-*!  by  Lan«\  and  whi<h  has  bwn  useii  in  the 
ollice  of  the  V.  S.  C'twLst  Survey  at  Wstshinjjtcin. 

A  nuxlitieation  of  this  form  of  eom|w»mtor,  i  Fip.  4)  made  by  the  I^lhxi 
Manufacturing  ('om|KU)y.  of  HartfonI,  Conn.,  for  l*n»f.  .Vnthony,  of 
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Cornell  University,  is  here  shown.  The  instrument  is  mounted  upon 
a  single  heavy  base.  Though  not  having  the  range  of  motion  of  the 
adjustable  support  for  standard  bars  shown  in  front,  as  is  possible 
with  the  original  comparator,  it  possesses  all  of  the  conveniences  for 
rapid  adjustment  and  accuracy  of  movement.  The  right  line  motion 
of  all  moving  parts  longitudinally,  is  governed  by  heavy  cylindrical 
guides,  and  the  same  method  of  the  "stops"  is  used  in  investigating 
the  subdivisions  of  a  standard  bar. 

There  are  five  independent  methods  for  comparing  standards  of 
length  by  the  use  of  this  form  of  Comparator,  but  we  will  not  dwell 
longer  upon  this  part  of  the  subject,  but  pass  to  the  subdivision  of 
standards  of  length,  which  is  effected  by  the  use  of  this  same  process — 
the  microscope  plate  sliding  between  fixed  stops — and  which  serves  to 
beautifully  illustrate  one  of  the  fundamental  principles  of  science,  that 
"things  equal  to  the  same  thing  are  equal  to  each  other,"  or,  that  the 
relation  of  different  lengths  each  to  a  constant  distance,  establishes  their 
relation  to  each  other. 

This  is  accomplished  in  the  following  way:  A  yard,  for  instance,  is 
to  be  subdivided  into  3  equal  parts,  or  into  3  separate  feet.  We  divide 
the  whole  length  by  trial  into  3  parts,  then  by  setting  the  stops  so  that 
the  microscope  plate  may  move  very  nearly  the  distance  represented 
by  the  first  one  of  the  3  parts,  by  readings  of  the  e3'e-piece  micrometer 
carefully  taken  at  each  end  of  the  path  of  motion  of  the  microscope, 
using  the  finely  ruled  lines  by  which  these  3  parts  are  defined,  we 
obtain  the  length  of  this  subdivision  as  compared  with  our  constant 
quantity;  then  by  sliding  or  moving  the  bar  along  under  the  microscope 
until  the  second  part  is  in  place,  the  same  operation  is  again  performed^ 
and  so  for  the  third,  thus  determining  the  relation  for  each  with  this 
arbitrary  or  temporary  standard ;  then  by  adding  the  differences 
between  these  separate  parts  and  the  constant  length,  and  taking  the 
mean  or  average  of  these  differences,  from  which  we  subtract  each 
difference,  gives  us  the  correction  to  be  applied  to  each  part  in  order 
that  it  shall  be  exactly  one-third  the  total  length,  or,  as  in  case  of  a 
yard  bar,  giving  us  exactly  J  2  inches  or  a  standard  foot.  The  foot 
may  then  be  subdivided  in  the  same  manner  into  12  equal  parts^ 
establishing  a  standard  inch,  and  further  to  eighths,  sixteenths,  thirty- 
seconds,  hundredths,  or  thousandths  of  an  inch. 

To  illustrate  this  method,  and  to  make  plain  the  reason  why  these 
corrections  so  obtained  are  used,  we  can  suppose  a  case  of  simply 
dividing  a  rod  or  a  string  in  two  parts.    Now  we  know  that  for  what- 


\^ 
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ever  amount  one  part  is  longer  than  the  other,  one  half  of  this  amount 
helonf^s  to  the  shorter  to  make  it  exactly  one-half  the  whole  Ienj;th  of 
the  nxl  (jr  string  ;  hence  w<'  have  one-half  the  sum  of  the  ditlerence, 
and  subtracting  eacii  ditlerence  fr<»in  this  half  sum,  wouhl  in  one  case, 
give  us  a  minim  correction  for  th«;  longer  part,  and  a  phut  correctii»n  to 
be  applie<l  to  the  shorter, 

A  series  of  readings  or  "ol>servation.s  "  using  the  microsoojie  with 
the  eye-piet^-e  micrometer,  and  having  the  sul>«livision  of  a  stan<lard 
yard  into  three  equal  parts,  to  determine,  would  Ik.'  after  this  form  : 


L. 

3-88-5 
3fW-7 
3-68-3 

I-Hrxt  FiMji 

R. 

3-98-2 
3-97  8 
3-98-5 

Second  Fool. 

L.                           R. 

3-57-4                        3-87-3 
3-57-5                         3-87-7 
3-579                         3-86-9 

Mean  3-68S 

Mean  3'9S-2 

Mean  357-6            Mean  3-87-3 

R  -  L  = 

=  +  29-7 

R  —  L  =   ;  29-7 

T%ird  Foot. 

(\>rreHUm.       j 

L. 
3-61-3 
3-620 

H. 

3-97-0 
8-97-8 

+  29-7 +  2-1 

+  29-7 +  2-1   ,4  2 

-t- 36-0 -4-2  ±00 

8-61-2 
Mean  301 -5 

Mi'iin 

897-7 
1  3-97 -5 

8)96-4 

R—  L  = 

f  36-0 

Mean  31-8 

The  column  under  "  \j  "  In-ing  readings  taken  at  the  left  <tr  initial  end 
of  each  foot,  and  "  K,"  readings  taken  at  the  right.  "  U —  L"  l)eing 
the  difference  l)etwecn  the  readings  taken  at  each  end  of  this  sub- 
division of  the  \vh(»le  length. 

The  <-olumn  under  "  corro<'t ion  "  shows  the  amount  in  «livisions  of 
the  micrometer  neede<l  to  make  e:ich  foot  exactly  one-thinl  the  yanl. 
Under  "  2"  these  corrections  are  addetl  as  a  chec'k  upon  the  atvuracy 
of  the  work  in  case  of  a  long  column  of  CDrni'tions,  as  when  the  f«K)t 
is  sulnlivideil  into  inches,  or  an  inch  int**  liJths  or  ."I'Jnds. 

We  have  thus  trace<l,  briefly,  the  development  of  the  standanls  of 
length  from  some  of  their  rudest  units  t«>  that  of  the  pn^st-nt  liritish 
Imperial  Yanl  and  its  copi«s,  and  the  metn*,  and  shown  how  the  yard 
has  in  one  way  at  lejtst,  Ixhii  sulxlividtHl  within  a  limit  of  al)out  one 
hundntl  thousandth  of  an  inch,  it  remains  now  to  show  in  what  way 
these  accunite  sulnlivisions  mav  l>o  su«>'essfully  appliinl  to  every  day 
use  for  work  ret|uiring  sjich  nicety,  and  in  our  next  Kvlure  it  is  hoped 
that  our  elVorts  tiiay  not  pn)ve  unsuccessful. 

Hartford,  Cbun.,  January  11,  1.S84. 
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STANDARDS  OF  LENGTH  AS  APPLIED  TO  GAUGE 
DIMENSIONS. 


By  George  M.  Bond. 

[A  lecture  delivered  before  the  Franklin  Institute,  February  29, 188-1.] 


In  our  lecture  of  last  week  we  attempted  to  show  in  what  way 
Standards  of  Length  may  be  constructed,  and  how  these  standards  so 
constructed  may  be  subdivided  within  very  close  limits  of  error.  We 
will  now  attempt  to  show  in  what  way  these  subdivisions  may  be 
applied  to  the  requirements  of  modern  shop  practice,  and  how  the 
gauges  or  implements  used  in  work  requiring  interchangeability  of 
parts  are  made  so  as  to  insure  this  accuracy. 

Manufactured  articles  have  been  compared  by  Sir  John  Herschell 
to  atoms,  on  account  of  their  uniformity.  The  uniformity  of  manu- 
factured articles  may  be  traced  to  very  different  motives  on  the  part  of 
the  manufacturer.  In  certain  cases  it  is  less  troublesome  as  well  as 
less  expensive  to  make  a  great  many  articles  exactly  alike,  than  to 
adapt  each  to  its  special  requirements.  Thus,  shoes  and  the  uniforms 
for  soldiers  are  made  in  large  numbers,  without  any  design  of  adapta- 
tion to  the  requirements  of  any  one  man.  In  another  class  of  work 
the  uniformity  is  intentional  and  is  designed  to  make  the  manufactured 
articles  more  valuable  owing  to  this  uniformity.  Thus,  for  instance, 
bolts  and  nuts  of  any  particular  size,  if  alike  or  interchangeable,  may 
be  replaced  when  worn  out  or  lost,  saving  an  immense  amount  of 
trouble,  and  especially  valuable  time,  in  cases  of  repairs  where  the 
stoppage  of  machinery  or  the  delay  of  a  train  of  cars  would  be  a  matter 
of  serious  loss,  not  only  of  time  but  also  of  dollars  and  cents. 

In  the  third  class,  not  a  part  only,  but  the  whole  of  the  value  of  the 
object  arises  from  its  exact  conformity  to  a  given  standard.  Weights 
and  measures  belong  to  this  class,  and  the  existence  of  well-adjusted 
standards  of  weight  and  measure  in  any  country  furnishes  the  evidence 
of  the  existence  of  a  system  of  law  that  regulates  the  business  of  the 
people,  enjoining  in  all  measures  a  conformity  to  the  national  standard. 

There  are  thus  three  kinds  of  usefulness  in  manufactured  articles : 
cheapness,  serviceableness,  and  quantitative  accuracy.  Which  of  these 
was  referred  to  by  Sir  John  Herschel,  we  cannot  say.  It  is  as  likely 
the  last  as  the  first,  though  it  would  seem  more  probable  that  he  meant 
to  assert  that  a  number  of  exactly  similar  things  cannot  be,  each  of 
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them,  eternal  and  self-ijxi.steiit,  aii<l  must  then-fore  Imve  Ix-en  ma<le. 
Hence  he  used  the  phra.se  "manufactured  articles"  to  sugj^Tsst  the  idea 
of  their  licing  made  in  great  numbers  [Encycl.  Brii.,  9th  edition,  vol. 

3,  p.  4«J). 

A(hun  .Smith,  the  fuundiir  in  Enj^land,  of  the  wienee  of  political 
economy,  in  his  most  important  work,  "The  Inquiry  into  the  Nature 
and  Cause  of  the  Wealth  of  Nations,"  referre«l  jmrticularly  to  the 
benefits  derive<l  from  a  sy>tematic  divi.sion  of  lalxir.  He  sh(j\ve<l  i>y 
apt  ilhistration.s  tlu-  wonderful  results  to  Ix*  atLainetl  by  this  now  well- 
known  principle,  both  jw  regiinls  the  (piality  and  the  quantity  of  the 
()nKlu<t. 

During  the  score  of  ycai-s  fnjm  17(>.j  to  ITSo,  when  Aihim  Smiih 
was  working  out  his  memorable  treatise  just  referred  to,  the  inventions 
which  have  given  us  thesti^im  engine  and  the  loom  were  lx.*ing  perfci'ted. 
While  Adam  Smith  was  le<'turing  in  (ihusgow,  from  the  chair  of 
moral  philosophy,  James  Watt  was  H'lling  mathcmati<-al  instruments 
in  an  <»b.scure  shop  within  the  precincts  of  the  same  universitv,  and 
was  working  out  hia  in<juiry  into  the  practic:il  methods  of  applving 
steam. 

In  a  paper  rcjul  l)efore  the  Institution  of  Me<-hanical  Engineers,  at 
Birmingham,  Mr.  P^<lward  A.  Okhht  stat<-s  that  in  a  letter  written  to 
a  I'riend,  Watt  thouj^ht  he  had  attainetl  remarkable  mechanical  atvu- 
racy  when  a  cylinder  he  lH)red  wjis  so  tnie  tJiat  he  crjuld  not  get  half- 
a  crown  between  the  piston  and  the  cylinder,  anywhere  I 

We  mu.st  not  Ir-  surprist*d  at  this  remark  when  we  c..n>ider  the 
materials  he  used  in  making  his  motleU,  and  the  proUible  state  of  the 
art  of  making  machinery  interchangeable  at  the  time  he  lived.  Ho 
used  tin  cylinders,  and  s<tlden'<l  the  joints  in  many  instanct^s.  Often 
he  fitund  it  gave  letter  i-esulLs  to  hammrr  them  rather  than  l»ore  them. 
A  bK>ck  tin  cylinder  18  inches  in  diameter,  |  inch  thick,  wheii  U.red 
was  ftund  to  be  jj  of  an  inch  out  of  truth.  He  .<*jx^iks  t>f  hammering 
it  with  a  mallet  outside,  using  a  rountl  pie<v  (»f  w«kk1  tt>  c-ornvt  tJjis 
defix't. 

Eli  Whitney  was  the  tirst  to  develop  the  principle  of  «piantitative 
acxMinu-y  by  the  use  of  the  system  of  intenlmngeidile  pjirts  in  the  manu- 
facture of  arms  for  the  Unite«l  States  (iovernment,  earlv  in  the  pn?icnt 
century.  As  an  evidence  of  the  value  of  this  system,  in  the  vestr  1822 
Mr.  (^alhoun,  then  S-^retary  of  War  of  the  I'liittnl  Stat«is,  atlmittwl  to 
Mr.  \\  hitney  that  the  (iovernment  was  sjiving  $25,(KKJ  per  vcar  at  the 
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two  public  armories  alone,  by  the  use  of  his  improvements.  This 
admission,  the  figures  being  probably  far  below  the  true  facts  of  the 
case,  serves  to  show  that  Mr.  Whitney  deserved  well  of  his  country 
in  this  department  of  her  service.  Mr.  Whitney  was  noted  for  his 
exactness,  his  motto  being,  that  "there  is  nothing  worth  the  doing 
that  is  not  worth  doing  well"  {^Am.  Journal  of  Sciences  and  Arts,  vol. 
21,  Jan.,  1832). 

In  a  paper  read  by  Mr.  Chanute  before  the  American  Society  of 
Civil  Engineers,  at  a  meeting  held  in  Washington,  June  21,  1882,  on 
"Uniformity  in  Railway  Rolling  Stock,"  he  stated  that  the  average 
cost  of  repairs  in  the  shops  of  the  New  York,  Lake  Erie  and  Western 
Railroad,  for  the  five  years  prior  to  1875,  was  9*17  cents  per  mile  run 
by  locomotives,  while  for  the  past  five  years  it  was  only  4'33  cents. 
This  represents  a  saving  of  about  $675,000  a  year.  This  was  after  the 
system  had  been  adopted  by  the  railroad  company  of  making  parts  of 
locomotives  in  duplicate,  using  gauges  and  templates  for  this  purpose. 
Had  the  rate  of  cost  of  1871  prevailed  in  1881,  the  expenses  of  locomo- 
tive maintenance  would  have  been  $790,492  greater  than  they  were. 
The  conclusion  must  not  be  formed,  however,  that  all  the  above  savings, 
or  even  a  major  part  of  them,  have  resulted  alone  from  the  system 
above  mentioned.  Much  of  the  economy  is  doubtless  due  to  other 
reforms  introduced  by  the  management  of  the  road  about  the  same 
time ;  but  a  considerable  part  is  certainly  due  to  the  adoption  of  rigid 
standards  and  of  interchangeable  parts.  Moreover,  a  very  considerable 
number  of  the  old  engines  still  remain  with  all  their  imperfections,  so 
that  further  benefits  may  be  expected  to  result  from  the  system  as  it 
becomes  extended  in  the  future. 

In  the  system  upon  which  the  gauges  produced  by  the  Pratt  and 
Whitney  Company  are  based,  the  sizes  are  all  constructed  from  accu- 
rate subdivisions  of  the  British  yard,  made  so  carefully  that  any  sub- 
division of  a  foot,  taking  any  sizes  from  a  quarter  of  an  inch  to  four 
inches,  varying  by  sixteenths,  the  sum  or  combination  of  these  sizes 
taken  at  random  and  in  numbers,  or  in  sufficient  lengths  to  constitute 
a  foot,  will  be  found  to  produce  in  the  total  sum,  exactly  the  same 
result. 

When  we  consider  that  in  the  experiment  just  mentioned,  the  variation 
of  only  one-thirty  thousandth  of  an  inch  in  each,  if  all  one  way,  either 
plus  or  minus,  would  amount  to  an  error  in  some  cases  of  over  half  a  thou- 
sandth of  an  inch,  and  particularly  in  the  case  of  one  combination  where 
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fifteen  or  sixteen  mh-a  were  a(l(ie<l,  it  will  Ix-  .seen  that  the  ern»r  wotild 
be  very  |)«rce|>tihle  in  the  test  whieh  th« y  wotihl  thu'i  UIlde^^Jo. 

Thi.s  m-vcre  practicjil  test  wa.-  a|»|»lieil  hy  lh«'  Comrnittc<M»n  (laii^*^.  of 
the  S<x,'iety  of  Me<'haiiinil  Kiijjineers,  in  their  inve>tipition  of  this  sy?*- 
teni  of  making'  -laruhinl  ^raii^'x,  tht-se  eml  luea'^iire  |»i«-«i>  In-iiij;  found  to 
l)e  within  iIh-  limit  of  aecjiracy  ne<exsary  to  tultill  tliis  condition.* 

In  the  )>ro(hietion  of  thetse  end  nieaj«urt«,  it  Ih  nece!<Mary  that  the  end 
Murfaces  Ik;  |RTfe<tly  panillel.  This  is  a  matter  \vhi«h  \»  a  simple 
operation  jw  done  by  the  I'nitt  and  Whitney  (  ompany.  Two  sich-n  of  an 
end  riHSiisure  standard,  sneh  tts  the  one  we  have  now  Ix-forc  us  ( Fip.  1 1, 
arc  made  as  nearly  |>erfeol  planeH  as  i.s  {XMsible,  and  at  ri^ht  anf;lirH  to 
each  ollnr.  The  ends  an-  then  niatle  jK-rpcndicnlar  to  thejH-  two  snrfiui-s, 
by  nu-ans  of  a  simple  lixtnn-  wliirh  holds  the  end  njea-nre  v»'rti«':dly 
and  elumpetl  in  the  angle  of  a  movable  block  of  ii\.>i{  iron  whieh  slidi-s 
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freely  over  the  plane  surfaee  of  an()ther  bbnlv  also  made  of  ea'^t  iron. 
In  the  centre  of  this  latter  bl<Mk  is  a  copper  niatrix  having  diamond  dn->t 
or  washe<l  emery  in  its  upper  snrfa<"e.  The  end  mea>ureis  |»!us.«Mtl  rapidly 
over  this  surfaee,  and  Ix-in^  held  per|>endicnlarly,  it^  lii^he>t  |>oinis  are 
^ruund  away,  and  eventually  this  surfa«-e  Infomes  a  |Ktli>ih«tl  plane. 
The  bar  is  revei>e<l  and  the  .same  conditions  are  applie<l  to  the  other 
end  ;  both  ends  Ix'in^  |H'r|M'ndicular  to  the  same  plane;*,  ftre«»it«*e<jnently 
parallel  to  each  other. 

Tin's*'  pandlel  surfaces  iK'injjtrue  j>lanej*,  are,  when  brought  toother, 
capable  of  sustaining;  the  weij^ht  of  either  one  or  the  other,  or  in  the 
ca.***'  of  the  two  which  we  have  l>cfon'  us  they  may  U'  held  hori/ontallv 
and  still  not  sepanite.  In  a  le<tnre:J  the  Iv<>yal  Institution,  dune  ith, 
1H7'),  Hr.  Tyn«lall  states  that  ex|H'rim<'nt.s  by  KoUTt  Itoyle,  with  plane 
.surfact\s  plaee<l  in  contact,  show  thus  clinpng  tentlencv  even  in  a 
vacuum  ;  and  that  witli  the  surfaee  plates  he  u.sed,  made  by  Whitworth, 


•  See  Trnns.   .\m.  Society  Mechanical   Knginecn,  18S2,  Vol.  Iv,  rr|K>rt 
of  romtuittee  (Ml  (iuuf^v,  i>age  26. 
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the  force  necessary  to  pull  them  apart  was  thirty  times  greater  than 
that  due  to  gravity,  shoAving  a  mutual  attraction  or  actual  cohesion  of 
the  two  surfaces.  This  is  evidently  the  case,  for  we  know  that  if  the 
particles  or  atoms  of  a  piece  of  steel  are  closely  enough  associated,  they 
form  a  solid  mass.  By  making  their  condition,  artificially,  as  nearly 
like  this  as  possible,  the  atoms  are  brought  comparatively  near  each 
other,  and  more  or  less  of  this  cohesive  force  results. 

Of  course,  in  the  present  case  we  have,  apparently,  the  weight  of  the 
atmosphere  to  produce  this  result,  but  if  we  consider  how  small  the 
surface  is  on  which  this  weight  is  acting,  we  must  admit  that  part  of 
this  clinging  tendency  must  result  from  a  cohesive  force,  as  in  the  case 
before  us  the  surfaces  of  these  end  measure  pieces  are  less  than  a 
quarter  of  an  inch  square,  and  the  weight  of  air,  if  there  was  a  per- 
fect vacimm  between  the  two  surfaces,  would  be  scarcely  enough  to 
sustain  this  weight,  were  the  surfaces  perfect  planes. 

Perhaps  the  most  marked  example  of  interchangeable  work  result- 
ing from  a  standard  gauge  system  is  that  shown  in  the  thread  gauges 
whicli  represent  the  Sellers  or  Franklin  Institute  thread.  This  form, 
proposed  by  Mr.  William  Sellers,  on  account  of  being  adopted  by  the 
Government  has  been  called  the  United  States  standard  thread.  In 
order  to  produce  these  standard  gauges  and  to  be  able  to  guarantee  them 
as  being  standard,  it  was  necssary  first  to  establish  a  standard  inch. 
This  standard  inch  must  be  one  thirty-sixth  part  of  the  British  Imperial 
yard,  no  more,  no  less.  Then  having  obtained  this  standard  inch,  the 
subdivisions  of  it  were  to  be  obtained.  So  much  for  the  size.  Then 
in  order  to  produce  sixty  degrees  for  the  angle  of  the  thread,  it  was 
necessary  to  establish  this  in  a  practical  way,  in  order  to  furnish  a 
gauge  by  which  tools  could  be  made  that  would  insure  absolute  practical 
accuracy.  This  master  triangle,  designed  by  Mr.  J.  W.  Heyer,  fur- 
nishes the  means  of  originating  a  triangle  which  shall  be  equi-angular, 
and  consequently  possessing  angles  of  sixty  degrees. 

In  order  to  obtain  accurately  the  width  of  the  flat,  which  is  one- 
eighth  of  the  pitch,  for  top  and  bottom  of  the  United  States  Standard 
thread,  it  was  necessary  to  establish  a  model  triangle  as  a  starting 
point,  in  connection  with  this  master  triangle.  This  model  was,  when 
finished,  two  inches  long  on  each  side. 

The  method  used  for  obtaining  a  triangle  having  sides  known  to  be 
exactly  two  inches  long,  without  the  necessity  of  their  being  actually 
measured,  is  as  folloAvs  : 
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All  eit^lit-inch  master  triangle  was  so  conHtructwl  that  itA  center  was 
ilofinitfily  l(x;it('«l  l>v  iiiaUiii^  it  oC  j»ai:ill<'I  piciM^,  of  steel,  aj-eurately 
scraped,  an<I  fitte<l  togellier.  Witliiii  this  triangle,  its  inner  sides  tan- 
gent to  tlie  circumference,  was  fitted  a  cylindrical  plug  or  centre.  This 
])lug  having  U-en  tnrn<'<l  upon  a  true  mandnl,  the  ('<jndition  of  the  h«)le 
passing  through  it  exactly  in  the  centre,  natiually  took  c:ire  of  it/^.-lf.  A 
second  cvlindriciil  plug,  hardene<l  and  ground,  wjis  next  fitt«i  to  the  cen- 
tre plug.  This  hardened  cylinder  was  ground  to  size  exactly  ec}ual  to 
the  «]iani('ter  of  a  circle  which  should,  theoretically,  l)e  tanirent  to  an 
e<piilatcral  triangle,  whose  sides  are  twt>  inches  long.     Its  diameter  is 

1 1/3  or  1-1547  inches. 

By  holding  securely  a  triangular  piece  of  hardened  ste<l  upon  the  stud 
passing  through  the  center  plug,  and  having  its  faces  or  s'uUv,  reversed  in 
position  as  regsirds  the  sides  of  the  large  triangle,  the  sitlcs  are  grotmd 
])arallel  to  the  sides  of  the  master  triangle,  and  als4)  ground  until  a 
sharp  edg*-*!  corrected  s<juare,  held  against  the  side  of  the  large  triangle, 
determines  the  tangency  «>f  the  si<lcs  to  the  inscril>e<l  circle  11. 047 
inches  in  diameter. 

As  the  large  triangle  is  carefidly  teste<l  for  e<piality  of  angles,  this 
inscrilxnl  circle  furnishes  the  remaining  data  f<»r  priKlucing  a  triangle 
whose  sides  are  known  to  be  two  inches  long,  without  their  l>eing 
nieasure<l. 

In  fact  it  would  ho  impos^^ihle  to  niejisure  them  in  any  other  known 
way  within  the  limit  this  iiuthod  makes  entirely  piticti<-:il)le,  an«l  whi«h  at 
the  same  time  '*  fortifies"  ea<h  step  in  the  process  hy  employing  fun- 
damental principles,  and  kei'ping  the  limit  of  ern>r  within  what  is 
claime<l,  which  is  yfi|l(j-jr  "'  '*"*^  inch.  Imagine  anyone  me:isuring 
the  sides  of  a  two  inch  triangle  hy  contact  with  the  almost  infinitely 
sharp  edges  where  the  sides  do  meet  ;  I  venture  to  say  n«>  two  readings 
woidd  agrct\  and  it  is  pretty  sjife  to  assume  that  (>ach  succin^ling  me:is- 
iirement  would  Invome  less  and  less,  as  thes*^  fine  e«|geswere  destroyetl. 

In  ihc  methcKldescrilMHl,  using  the  ins<TilxMl  circle,  it  is  not  nwessjiry 
to  have  any  wlge  whatever,  as  we  may  feid  <^'rtain  that  the  sides 
troii/d  he  two  inches  if  pmlongtMl  to  mei-t  each  other. 

For  the  p\irposi>  intendiMl,  it  din's  not  matter  if  these  e<lges  are  blunt 
or  even  trunc:\te<l  sliglitly,  as  it  is  the  known  jxtsition,  and  not  the 
actual  length  of  the  sides  that  is  ne<'essj»rv. 

In  ohUt  to  have  the  flat  of  the  thread  correct  for  such  a  jM'tch,  in 
this  case  taking  two  inches  as  the  ba'^e,  the  flat  of  whi«*h  would  be  one 
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quarter  of  an  inch  or  one-eighth  of  two  inches,  the  method  adopted 
is  as  follows : 

The  altitude  of  the  frustum  of  this  triangle  was  obtained  after 
having  removed  the  smaller  triangle  at  the  top,  the  sides  of  which  are 
one  quarter  of  an  inch,  by  subtracting  the  altitude  of  this  small 
triangle  from  the  total  altitude  of  the  equi-angular  two  inch  model, 
which  gave  the  distance  from  the  base  to  the  top  of  this  truncated 
triangle.  By  having  this  measured  exactly,  and  the  top  and  bottom 
planes  parallel  to  each  other,  this  distance  came  naturally,  and  evidently 
must  be  one-quarter  of  an  inch  without  actually  being  measured. 
The  actual  measurement  of  this  quarter  inch  flat  would  necessarily  be 
very  difficult,  because  we  are  dealing  with  the  edges  formed  by  obtuse 
angles,  and  the  accuracy  would  certainly  not  be  within  the  limit  wliich 
would  be  required.  After  this  triangle  was  established,  a  micrometer 
was  made,  which  we  have  before  us,  in  which  the  model  two-inch  triangle 
is  used  to  determine  the  extreme  limit  through  which  the  micrometer 
jaw  shall  move ;  establishing  a  "  zero,"  if  it  may  be  so-called,  for  a 
starting  point,  the  jaw  of  the  caliper  moving  towards  the  smallest 
possible  flat  that  could  be  measured,  or  that  would  be  required  for  the 
finest  pitches.  This  micrometer  is,  as  its  name  implies,  a  divided 
circle  and  a  screw,  measuring  very  small  advances  of  the  jaw.  In 
order  to  verify  these  subdivisions,  lines  were  ruled  by  Professor 
Rogers,  four  hundred  to  the  inch,  with  a  diamond,  upon  the  polished 
surface  of  the  center  of  the  bar. 

There  being  250  divisions  graduated  upon  the  index  circle,  and 
the  pitch  of  the  same  being  ^  of  an  inch,  each  division  represents 

Tiroinr  of  -'^n  i»ch. 

Each  of  the  lines  ruled  400  to  the  inch  upon  the  sliding  bar  serves 
to  check  or  correct  the  readin&s  of  everv  25th  division  of  the  gradu- 
ated  circle,  to  provide  corrections  for  possible  errors  in  the  screw. 

By  the  use  of  this  micrometer  we  can  accurately  measure  the  flats 
of  the  tools  which  are  used  to  cut  the  United  States  standard  or  Franklin 
Institute  thread  of  any  number  of  threads  per  inch..  In  order  to 
show  the  adaptation  of  this  form  of  thread  to  interchangeable  work, 
and  also  its  extreme  simplicity  as  a  basis  for  an  interchangeable  system 
of  gauges,  we  have  before  us  (Fig.  2)  a  drawing  showing  how,  should  this 
thread  be  even  larger  in  diameter  on  the  outside,  but  with  the  diameter 
correct  in  the  angle  of  the  thread,  the  variation  of  this  outside  diam- 
eter from  that  of  a  standard  cylindrical  size  has  no  effect  upon  the  fit 
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of  tho  nut  wliicli  inuy  be  j-cn-wc*!  up<»ii  the  stxiiHlanl  or  u|ion  a  UjU 
njin-sfiitiii^'  this  ••taiKhtnl  si/i-,  Th«-  only  diffiniKv  whirh  we  w.iilj 
notice  is  that  the  top  «»r  the  thn-sul  wouM  l>e  narniwer,  uixi  o.n-*.- 
qiientlv  the  top  would  Im-  higher,  in  the  .H|uice  eut  away  by  the  tap. 
Ff«ric<',  t;i|»-«  that  are  nuuh-  for  ta|t|)ih^  uuIm  of  tlie  I  iiiteil  Stat«-?»  -tati- 
(lanl  thniid,  if  made  exaetly  rijjht  in  the  an^h-  of  the  thread,  tliat  i-<, 
havinj5  the  an^jh*  hixty  dej^nif,  and  the  diaineU-r  iiiea«urtil  iu  thU 
anj;h'  of  the  thread,  ("orrei't,  the  outride  diameter  hnn  no  efte*-!,  withiu 
(■<rtain  limits,  to  change  it^  .si/i*,  menly  rutting  away  within  the  nut 
more  metal  out.si<hr  of  the  limit  of  one-eif;htli  the  piteh.  Iu  the  vu»o 
of  the  bolt  which  fits  tiii.s   nut,  the  outride  tliameler  >hould   Ik*  kept 
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Htandard,  tlu'  .-pauv  In'tween  the  lM)ttom  of  the  nut  an<l  the  top  of  the 
thrc:id  of  the  Iwilt,  allowing  particles  of  dirt  to  lod^e,  without  atTci-t- 
iii^  the  fit  of  the  K'rew.  Thid  cuuditiiui  is  oHen  applied  in  the  maiui- 
factuiv  of  taps,  und  has  Im^'u  found  to  leuirthen  the  life  of  the  tap  in 
a  very  marke<l  dt-j^ree. 

In    the    (*2l>i'  ot    one    ri>iii|>:iin     i     li:i\i-  III   iiiiiKi,  .iii<i   \\li>>  iii;iK<    -iitail 

holt.s  and  uut.s,  the  taps  tiny  ilh<'  Uin^  aUtut  thn-^'-sixtituths  tif  an 
inch  in  diameter,  they  were  funnerly  .Hjiti.sficil  to  have  a  tap  mt  fifteen 
or  sixttt'U  thousand  nuts  U-fon*  iM-ni-ptihlc  \\e:ir  •■M'urnil.  t! 
found  that  in  having  them  made  in  the  \^ay  ju-t  mentioncil,  i 
stopping  ut  »ixtii'i)  thousand,  tiiey  now  eut  n  huiHln<«I  und  twenty 
thoitstnd  without  pnictind  variation  in  the  sizv  of  tho  nut  vu^  (^Muimn^i 
with  the  >taudard  ^au^e. 

As  an  instautv  of  the  'S'ternal  fitncMs  of  thingw,"  allt>w  me  to  quote 
fn»m  Mr.  Forney's  Uejxirt*  at  the  C'onventiou  of  Master  Car  HuiKlers, 
held  in  this  city,  in  .lune.  ISH-J: 

•  Ui'ix>rt  of  the    t'onuuitlee  of    thi-    .Miister   far    HmhliP'"    A--  ' 

a|>|M>intisl  "  to  invi-wllKnte  uimI  rt<|Hirt  on  tlu>  |>r\<»vnt  t>i>nnlnicti<-ii 
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"  It  is  worthy  of  note  that  a  remedy  for  the  evil  complained  of  by 
master  car  builders,  that  nuts  made  by  some  firms,  or  at  some  shops, 
would  not  screw  on  bolts  made  at  others,  at  first  baffled  the  ability  of 
the  most  prominent  manufacturers  of  tools  in  the  country,  and  to  pro- 
vide an  adequate  remedy  it  was  necessary  to  secure  the  assistance  of  the 
highest  scientific  ability  in  the  country,  which  was  supplied  through 
the  co-operation  of  the  Professor  of  Astronomy  of  the  oldest  and  most 
noted  institution  of  learning  in  the  land. 

"The  man  of  science  turned  his  attention  from  the  planets,  and  the 
measurement  of  distances  counted  by  millions  of  miles,  to  listen  to 
the  imprecation,  perhaps,  of  the  humble  car  repairer,  lying  on  his 
back,  and  swearing  because  a  f-inch  nut — '  a  leetle  small ' — will  not 
screw  on  a  bolt  a  *  trifle  large.'  " 

In  the  system  so  wonderfully  developed  by  Sir  Joseph  Whitworth 
for  the  manufacture  of  machinery  by  the  use  of  interchangeable 
gauges,  he  obtained  the  subdivision  of  the  yard  by  making  three  foot 
pieces  as  nearly  alike  as  was  possible,  and  working  these  foot  pieces 
down  until  each  was  equal  to  the  others,  then  placing  them  in  his  mil- 
lionth measuring  machine;  the  total  length  of  the  three  foot  pieces 
was  then  compared  with  a  standard  end  measure  yard. 

These  three  foot  pieces  were  ground  until  they  were  exactly  equal  to 
each  other,  and  the  three  added  together  equal  to  the  standard  yard. 
The  subdivision  of  the  foot  into  inch  pieces  was  made  in  the  same 
way.  This  method  necessitated  extreme  care,  and  also  an  enormous 
amount  of  time.  In  the  method  which  has  been  adopted  by  the  Pratt 
&  Whitney  Company,  the  sizes  are  not  constructed  in  this  way,  but 
ruled  lines,  which  represent  the  subdivisions  of  the  British  yard,  are 
first  investigated  and  found  to  be  either  accurate,  or  their  corrections 
are  applied,  before  a  single  gauge  or  any  end  measure  is  made.  This 
method  of  investigation  you  will  remember  was  described  partially  in 
our  previous  lecture. 

One  can  readily  understand  what  an  unsatisfactory  way  it  would  be 
to  attempt  to  subdivide  a  yard,  or  even  a  foot,  into  end  measure  pieces 
varying  by  sixteenths  of  an  inch,  say  from  a  quarter  of  an  inch  to 
four  inches,  sixty-one  in  all,  which  would  fulfill  the  condition  of  being 

and  nuts  used  in  cars ;  and  the  amount  of  accuracy  that  is  desirable  to 
secure,  and  the  best  means  of  maintaining  it,  in  the  standard  adopted  by 
the  Association,  in  Richmond,  Va.,  June  15,  1871,"  etc. 
Submitted  at  the  annual  Convention,  in  June,  1882. 
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exact  aliquot  partH  of  tli<»  Mtaii<lnnl  yani,  wliicli  they  oach  .should  rep- 
rcHOUt.  \N'f  •■an  illla^;ilM•  th«'  •lirti«iilti«-«  to  Ix-  ov«Tf«»nje  l»y  any  uue 
attr'tuptin^  thi«  w«»rk  l»y  tho  Mjlulivinion  of  a  f*tan<lanl  f<»ot,  u-in^  the 
methiMl  a<K)pte<l  l»y  Whit  worth  in  1h;J4.  Without  havinjf  a  line 
mcaMure  to  which  to  refer,  thi.^  >tiin<hini  t'«M»t — providing  it  was  stamlard 
at  the  start — would  ne<*«-sH:irily  lie  subdividttl  into  two  |«artx,  earh 
repnwentirjjj  nix  incJH's,  rNjuul  to  earh  other  of  <t»un*e,  an<l  t<i^rether 
e({ual  to  the  foot.  Coiinlant  refiTente  would  have  to  lie  maile  to  the 
Htandard  foot  pi*"*"!-,  which  would  ol)viou.sly  n>ult  in  more  or  h-st*  wear 
of  the  end  Hurfaccs.  'Iht-n  the  nix  ineheH  wouid  Im-  halvctl,  and  •-»  «»n 
until  the  inch  wiw  ohtainc<l.  Then,  in  onh-r  to  prt)ve  that  the  iuch 
was  one-twelfth  «>f  the  f<M»t,  it  would  In*  iMft-^NS'iry  to  nuike  twelve  of 
these  inches,  or  six  inclu*?*  etpial  to  the  >ix-inch  piece,  and  the  sum  of 
all  to  be  equal  to  twelve  inclM-s,  or  the  original  foot.  We  n\u  all  of 
us  realize  what  ha«  «Mi'urre<l  to  the  stan<lard  f«H»t  in  the  ci>up*e  of  thi.-* 
constant  reference  to  it  its  the  original  standard. 

I'rovidinj;,  even,  that  all  the?**'  sulniivLsionH  were  carefully  made, 
and  that  no  wcjir  |H>nt>ptil)le  had  oc-<*urr«il  to  the  original  HtandanI,  we 
are  still  not  hclow  an  inch. 

Sul»divisions  into  ipiartcrx  and  sixteenths  would  still  further  com- 
plicate the  matter.  When  the  suUlivision  waa  ctunplete,  pn»viding 
the  o|MTUtor's  luitience  and  lite  held  out,  he  would  then  not  U-  |Hisitive 
that  he  had  even  the  inch  a  -tandanl,  havin)X  hy  this  time  u<>rii  <>iit 
his  original  finit  during  .such  a  long  and  tediou.s  priK^eMtt. 

Hen(v  a  line  measure  is  rwdly  the  only  mennit  of  pres<rving  thi« 
constant  and  standanl  quality  for  size,  and  it  is  this  prin«*iple  which 
has  lK>en  the  means  of  ppMlucing  results,  which  w)  far,  so<*m  to  fullill 
all  the  nnpiin'ments  for  an  accurate  system  of  inten-hangeahle  gaugt^. 

In  onlcr  to  help  out  the  matter,  nttmrs*'  tnu-t  l>e  had.  for  further 
sulHlivisions,  to  tin*  us<'  of  a  s<'n'w  and  a  tlivitle«i  mi«Tometer  index 
circle.  Ju.st  here  we  intr«Nluce  the  use  of  what  ha.s  long  U^cn  c«»n»id- 
vrvt\  one  i>f  the  imp<v<sil)iliti(>s  to  Im>  ohtainitl  l»v  nx^chanic'al  skill — a 
perfect  si'n'W.  It  was  this  that  Whitworth  was  ohligi>«i  to  de|H*nd 
u|K>n  in  obtaining  his  suUli visions  by  sixteenths.  We  have  )iefort>  u« 
upon  the  s<'re«'n  a  |>erHp«««'tivc  view  of  the  •vh»brat«><l  Whitworth  mil- 
lionth measuring  machine,  design(<< I  and  us«<d  bv  Sir  JoM-ph  Whitworth 
to  mi»asun'  mimite  tlitVen'uces  of  inch  stamlanls.  Thi*  machine,  .is  you 
will  800,  coujbinos  the  use  of  n  screw  for  obtaining  slight  ath-ances  of 
the   int^v^tiring  facos  of  the  instrument,  a  dividp<i  micnMueter  circle 
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and  also  a  worm  wheel  to  still  further  reduce  the  value  of  each  division 
upon  this  carefully  constructed  micrometer. 

We  have  now  a  section  view  of  this  machine,  showing  the  method 
of  providing  against  back  lash  of  the  nut  and  screw,  which  is  secured 
by  a  double  nut,  as  shown  (Fig.  3)  in  the  drawing  before  us.  You  will 
notice  that  the  machine  is  very  massive,  and  the  accuracy  with  Avhich  it 
was  constructed  is  designed  to  indicate  with  extreme  delicacy  differences 
between  any  two  standard  inch  pieces,  so  called.  Between  the  movable 
end  of  the  rectangular  bar  which  advances  by  means  of  the  screw  and 
nut,  and  the  standard  end  measure  piece,  is  a  small  polished  piece  of 
steel,  having  parallel  faces,  called  a  "feeling  piece."  The  difference 
in  length  of  two  pieces  is  detected,  it  is  claimed,  by  the  variation  in 
the  reading  of  the  divided  wheel,  and  the  uniformity  of  contact  is 
indicated  by  means  of  this  feeling  piece. 

The  tightness  of  an  end  measure  inch  only  one  millionth  of  an  inch 


Fig.  3. 

longer  than  one  to  which  the  machine  had  previously  been  adjusted, 
will,  it  is  claimed,  prevent  this  feeling  piece  from  dropping  when 
placed  between  the  caliper  jaw  and  the  standard. 

In  order  to  make  gauges  for  shop  use,  and  to  make  them  in  such  a 
shape  as  to  be  practical  and  not  readily  worn  through  constant  refer- 
ence, Whitworth  proposed  a  form  of  cylindrical  gauges  represented  by 
plugs  and  rings.  These  standard  pings  he  measures  in  his  machine, 
duplicating  his  end  measure  sizes  in  this  more  practical  form. 

In  using  his  measuring  machine,  he  does  not  claim  it  to  be  an  instru- 
ment for  originating  sizes,  but  merely  for  comparison  of  minute  differ- 
ences. Hence  in  order  to  maintain  a  constant  standard,  reference  must 
be  had  to  end  measures  which  are  certainly  liable  to  sustain  some 
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slight  change  from  wcnr  or  oxidation.  In  tlif  nifthotl  iis<*<l  by  th«' 
Pratt  <V:  WhitiK-y  ( '(»nij>:iny,  jumI  uliifh  was  proitrH^"*!  Mrij^inally  by 
Profe«8^»r  liogoiN,  the  f«y<t«'rn  adoptiil  is  that  ot'  making  g:inge*»  to 
corresjKind  to  the  lines  wliich  are  ae<'iirate  siibdivit<ion.<»  of  the  lmp?rial 
yard,  thiw  removing  this  liability  to  wt-ar. 

Thf  gJiugeH  arc  madf  by  refi-rrinp  <'!ieh  M-parate  standanl  t4»  a  litu* 
which  is  rule*!  n|Min  hnrdnuti  Mfrtf,  \vhi«h  has  a  rate  <»f  ex|»sinsion 
the  same  as  that  of  tin-  hardened  sUh-I  gauge  with  which  it  is  com- 
pared. In  making  any  nnmlx-r  of  ^ang*-?*  of  the  same  size,  thi-» 
mctlKMJ  will  ensure  the  last  gauge  U'ing  exactly  the  sjimo  as  the  tirst, 
without  referem-e  to  ♦•jich  other  or  to  any  other  jKrishable  stamhtni. 
This  has  actually  Imh'Ii  done  in  the  work  so  ••tirefnlly  gone  thr«»iigh  by 
the  comj)any,  and  it  is  possible  and  entirely  pnicti<':il  to  pro<liiee 
gauges  9o  nearly  alike  by  this  means,  that  a  variation  Ix-tween  any  two. 
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of  even  one  forty  or  one  fi(\y-thons:indth  «>f  an  inch  can  U'  discoverwf. 
We  have  found  from  our  own  exjKTiemt'  that  tool  makers  are  ver%' 
eritiisil.  They  work  closer  than  they  them.s4'lv«'s  inuigine,  and  in 
duplicating  jiarts  of  any  machine  <ir  any  work  re<juiring  this  exactness, 
they  work  often  within  a  fifty-thousmdth  of  an  inch  without  Ix-ing 
aware  of  the  fa<'t  ;  so  that  in  making  a  ninnl»er  of  g:uiges  of  the  same 
size,  it  is  certainly  mnx-ssjir)'  that  they  -honid  Iw  ma<Ie  within  this 
limit.  Xothing  coiild  ihniw  mon*  gliM>m  over  the  spirits  of  a  nmnu- 
facturerof  guages  than  the  dis«i»verA'  that  a  tool  maker  is  able  ti»  pr«»ve 
tliat  two  g:uiges,  l)oth  marke<l  alike,  are  unlike  in  size. 

In  the  illustration  U'fon'  us  (Fig.  4),  we  have  a  form  of  a  simple 
l)ench  micrometer  or  me:isuring  machine,  in  which  the  srrew  and  sul>- 
divid»Hl  index  cin-le  form  tin-  main  t^nituro. 

In  order  to  obtain  pnictienlly  the  same  result  in  duplit^ting  siw» 
from  a  standanl  for  onlinarv  gjiuge  work,  an  auxiliar\'  s«>t  of  faces  or 
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caliper  jaws  are  used,  and  are  shown  at  the  extreme  end  of  the  instru- 
ment. These  auxiliary  jaws  serve  to  hold  a  small  cylindrical  plug,  so 
that  in  adjusting  the  machine  or  caliper  to  any  given  size,  the  pressure 
between  the  caliper  jaws  in  which  this  standard  is  placed  can  be  deter- 
mined by  the  tightness  of  this  small  cylindrical  plug.  By  taking  the 
reading  on  the  micrometer  and  bringing  a  second  gauge  in  place  of  the 
original,  the  same  conditions  of  pressure  upon  this  second  gauge  may 
be  readily  determined,  by  noting  the  behavior  of  this  little  "  feeling 
piece,"  as  Whitworth  might  call  it.  The  variation  may  then  be  read 
in  the  ordinary  way  by  the  subdivisions  upon  this  divided  index  circle. 
As  an  instrument  for  originating  a  size,  even  with  a  screw  of  the 
utmost  precision,  it  could  not  be  expected  to  be  infallible ;  but  to  copy 
or  duplicate  sizes  it  has  been  found  to  be  very  serviceable.  A  varia- 
tion as  minute  as  one  hundred-thousandth  of  an  inch  has  been  shown 
to  be  appreciable  in  a  case  which  has  come  under  my  own  observation. 

In  order  to  make  standard  gauges  within  the  limit  of  accuracy 
necessary  for  interchangeability,  and  to  fulfill  the  requirements  of 
modern  workshop  practice,  it  may  be  unqualifiedly  stated  that  line 
measure,  adapted  for  use  as  a  practical  reference,  is  the  best  standard 
for  this  purpose.  The  strong  reason  for  this  statement  is  that  the 
€ver  present  element  of  wear  from  constant  use  is  entirely  eliminated. 

The  standard  line  measure  bar  we  now  have  before  us,  is  one  which 
has  certainly  shown  this  to  be  not  only  a  strong  reason,  but  a  valid  one. 
The  lines  which  represent  aliquot  subdivisions  of  the  Imperial  yard, 
were  ruled  upon  a  dividing  engine  constructed  by  Professor  Rogers, 
the  work  being  done  at  the  factory  of  the  American  Watch  Company, 
at  Waltham. 

The  total  length,  represented  by  the  defining  lines,  is  exactly  one- 
ninth  of  the  length  of  the  Imperial  Yard,  or  four  inches,  having  no 
correction  at  62°F.  In  other  words,  it  is  within  a  limit  of  Y^g-^^5^5-g- 
of  an  inch.  The  subdivisions  are  inches,  half  inches,  quarters,  eighths, 
and  sixteenths  along  one  edge,  and  a  band  of  lines,  2,500  per  inch 
extending  two  inches  from  one  end.  Next  is  ruled  a  series  of  lines 
representing  the  bottom  diameters  or  "tap  sizes"  of  all  United  States 
standard  thread  gauges  from  ^  to  4  inches  inclusive. 

Along  the  edge  opposite  the  series  of  sixteenths,  is  ruled  tenths  and 
twentieths  of  an  inch,  covering  a  space  also  of  two  inches.  This  bar 
is  made  of  steel,  hardened  and  ground  perfectly  plane  on  its  upper 
surface  and  highly  polished.     The  graduated  lines  were  transferred  to 
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thi.s  surface  usinf^  a  mdrie  screw,  the  pitch  of  this  screw  lieinp  one-lialf 
a  milliriifter.  The  niliii^  wan  donf  with  a  diarnotKj.  S»  (urtfiillv 
was  th(;  n-latiou  lR'twc«'ii  tin-  pit'-h  <if  this  metric  screw  awl  t\u-  leii^^th 
ftf  the  yani  «h'terrniiie<l  \>y  I'loio-or  Kojjcrs,  that  U[vin  investigation, 
iisii)|^  the  iiH'th<Ml  of  th«'  ".sl<ij»,-,"  iiicntionHi  in  our  pn-vious  h-cfure, 
the  erpjrs  were  i'tnuul  to  Im*  within  .7rj.i((5j  '>f  J'"  inch  for  the  pjirticuhir 
suhflivision  f>f  the  Itn|>erial  yanI  whirh  ea<'h  reprewnta. 

When  wc  realize  that  the  transfer  of  each  s<'(>arate  line,  exj-ept  the 
hand  of  2, '>(>()  jK-r  inch,  was  an  actual  coniputcd  si'ttin^^  of  the  diamond 
hefoH'  the  lines  were  tnu****!,  some  idea  may  l)c  ohtainttl  of  the  won- 
derful jMJK'ision  of  the  mechatiism  of  the  dividing;  enj^ine,  as  well  as 
tJM'  aeeuraey  of  the  mathematieal  f:iIeulations  involve<l. 

B4'ing  lianl<  II..I  -t..I,  the  mejtsurements  of  hanlened  steel  ^niui5«-s  hy 
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heing  referrwl  to  it,  l)ecomes  entirely  practicahle  at  any  convenient 
teiiipenilure,  pntvidiuLT,  of  c«turf«e,  that  an  t-ijual  temj>er:iture  for  Utth 
standard  bar  and  )^iu;;e  is  maintaiiMtl.  A.-<  the  lines  are  less  than 
TIT  000  ®^  ""  '"*■''  '"  ^^''Jth,  all  comparisons  must  Ik?  ma«le  iu<in^  a 
micros<H)j)e. 

The  |)racticid>ilitv  of  "calijH'rinjj"  uutler  a  micn>*<*o|H'  ha->  lonj;  lioen 
urjxtnl  l»v  Professor  Hojrers  as  iK'inj;  the  on/i^  exact  nietluKl  of  in«i|xi-<- 
in^  standard  pui^is.  The  result  ol>taine«l  by  use  of  this  method, 
eomltinin;;  as  it  do<'s,  seii'uce  an<l  practici",  has  <lemon>tratetl  Ivyond 
any  (pu'stion,  the  simplicitv,  as  well  as  the  at-t-unu'V  of  the  mctlKMJ. 
To  pive  some  i<h'a  of  its  value  for  the  pur|>oses  of  arif/mnting  stnntlard 
sizes,  an  ifjstaiKN'  in  mind  mav  U'  state*!. 

A  nuiidHT  of  cylindrinil  size  piujjes,  external  and  internal,  a  n^pre- 
sentation  of  which  is  shown  in  (Fi^.  6),  commonly  calle<l  plu^r*  and 
rinijs,  were  made.  They  were  finisheil  to  :i^re«»  with  the  sulxlivisions 
upon  this  little  lianlentHl  steel  line  meiLsure  staiulanl.  Nejirly  eiijhttvn 
months  afterwani,  a  new  lot  of  the  same  sizes  wi>re  made,  and  U|>on 
trial  it  was  shown  that  any  riui^of  the  first  lot  fitte*!  |x'rfectly  any  plug 
of  the  second.      Both   lot.-   had    Into   made   without   reference  to   anv 
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intermediate  staudard  set  of  pings,  except  to  "rough  them  out,"  as  it  is 
called,  within  about  iqIqq  of  an  inch,  all  finishing  after  this  having 
been  done  from  data  determined  by  calipering  under  the  microscope. 

A  good  gauge  fit  is  not  that  the  ring  shall  slide  freely  over  the  plug 
without  perceptible  "shake,"  but  one  such  that  the  ring,  when  Avell 
lubricated  with  sperm  or  other  good  oil,  shall  move  easily  after  having 
it  fairly  on  the  plug,  showing  no  tendency  to  "grip"  the  plug  while 
the  ring  is  kept  moving.  Let  the  ring,  however,  stop  moving  even 
for  a  few  seconds,  and  this  condition  of  an  apparently  easy  fit  is  sud- 
denly changed  to  a  driving  fit,  often  causing  serious  damage  to  the 
gauge  in  separating  them.  In  order  to  show  this  condition  of  perfect 
fit  to  best  advantage,  the  temperature,  of  course,  must  be  the  same  for 
both.  The  surfaces  of  the  plug  and  ring  must  be  as  hard  as  steel  can 
be  made,  and  polished  as  carefully  as  the  state  of  the  art  will  admit, 
A  good  way  of  testing  the  accuracy  of  any  set  or  pair  of  cylindrical 
gauges  in  reference  to  their  being  aliquot  j)arts  of  any  adopted  staudard, 
is  to  place  within  a  ring  which  fits  a  standard  plug,  two  smaller  size 
gauges,  tangent  to  each  other,  and  if  their  sum  is  equal  to  the 
diameter  of  the  larger  single  gauge,  they  will  be  tangent  to  the  ring 
also.  If  exactly  right,  they  will  be  found  to  hold  together  tightly,  as 
the  elements  of  cylinders  which  are  in  contact  must  either  occupy  the 
same  space  or  be  compressed  enough  to  allow  this  practical  tangency  to 
be  made.  Care  must  be  taken  not  to  force  the  second  gauge  in  too  far, 
as  this  would  evidently  tend  to  injure  them. 

In  the  gauges  before  us,  which  are  2^,  1^  and  1  inch,  we  may  see 
how  nicely  this  test  is  met.  If  we  use  a  gauge  which  is  y^Vo"  ^^  ^^ 
inch  smaller  than  one  inch  in  diameter,  the  tangency  is  incomplete,  for 
this  gauge  drops  through,  hardly  touching. 

A  thousandth  of  an  inch,  you  may  say,  is  almost  not  worth  consider- 
ing, but  liere  we  have  a  staudard  plug  and  ring,  the  ring  fitting  per- 
fectly, as  you. see.  We  now  insert  the  plug,  which  is  only  yo"W  ^^ 
an  inch  too  small;  it  can  be  literally  thrown  on  or  off,  one  might  even 
say  that  it  "  fairly  rattles,"  the  difference  seems  so  great  as  compared 
with  the  fit  of  the  standard. 

We  have  here  a  |-inch  plug,  it  is  only  ^q^qq  of  an  inch  smaller 
than  the  standard,  the  plug  and  ring  representing  which  we  also  have. 
You  will  notice  it  is  not  so  loose  as  was  the  inch  plug  yoW  small,  but 
still  one-third  of  this  is  perceptible,  and  shows  plainly  that  it  does  not 
perfectly  fit  the  ring. 
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In  our  expcru'iicc  in  tlif  rManufactiirf  of  .•^tandanl  jraugos,  oven  this 
text  irt  not  a  delic-ate  nor  a  siitisfiictory  onf.  It  \>  not  <-<jual  to  that 
obtainotl  hy  the  iwe  of"  a  fix^-fl  calijMr  jriuj;**  haviiij;  inilisheil  {liinillel 
jawH,  a  8|)e<im('n  j^nj^e  of  this  form  w<»  have  U-fore  uh  (Fi^.  G). 

For  th<'  |>urjM»s<'  of  ti'stinj;  the  larp-r  sizi-s,  tlii.s  form  of  jr«*"jr*'  i*'  the 
l)C8t,  an  the  friction  hetwi-en  th<'  two  surfan-s  i-*  a  variahh-  (juantitv 
<lej)en«lin^  upon  th<  decree  of  har»ln<*ss  and  iK)li.>.h  of  the  fitting  hur- 
faccfl  of  piuf^  ami    rin^:.      It   i-;  possible,  also,  that  the  eohi-nive  force 


l-i...  '.. 

which  \\>'  have  mentioiutl,  may  act  in  this  «-lo>o-litlin^  rehition,  explain- 
ing wliy  the  ring  should  suddenly  be  so  tightly  "grip|Kil." 

AVitli  a  two-inch  gauge,  a  variation  of  T^jf.Viro^^'  <>f  **•>  \\\c\\  isimj»cr- 
ceptihle,  when  a  ring  is  used  to  determine  this  small  tlifleriMav.  while 
witlj  a  o:dij>er  made  as  just  des<TilH«<l.  having  |M>lisheii  parallel  jaws, 
this  minute  ditVerentv  may  Ik*  readily  d«teete«l,  if  the  e:di|Hr  Ik*  first 
«irefully  adjusted  to  a  standanl  twt>-ineh  cylindriail  gaugi*. 

To  eonvey  some  idi-a  «)f  the  minute  variation  whi«h  may  thu>  l»e 
deteetixl,  I  may  state  that  a  fragment  t>t  gold  le:if,  Si»  thin  that  a  mere 
touch  of  the  lingers  t^iuse*!  its  tt>tal  <lisj»p|)cnmnco,  on  l>eing  i^rvfully 
measureil  under  the  mieroM<x>|K',  showed  that  its  average  thickness  was 
aooott^''  of  an  inch. 
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This  same  gold  leaf  would  actually  float  in  the  air  like  a  spider's 
web,  and  yet  this  extreme  "thinness,"  if  it  may  be  so  termed,  is  actu- 
ally twice  the  limit  of  error  within  which  it  is  possible  to  duplicate 
standard  plug  gauges,  referring  them  to  a  line  measure  under  the 
microscope. 

The  lines  ruled  upon  this  standard  line  measure  bar  in  the  space 
covered  by  the  first  two  inches,  2,500  per  inch,  if  placed  one  inch 
apart,  the  lines  being  magnified  in  proportion,  would  be  represented 
by  furrows  or  marks  one-tenth  of  an  inch  wide,  and  would  extend  over 
a  length  of  416  feet  8  inches,  or  nearly  one-twelfth  of  a  mile. 

The  measurement  of  the  diameter  of  drawn  wire  has  long  been  a 
matter  of  confusion,  owing  to  the  use  of  numbei'S  to  designate  arbitrary 
sizes  which  in  many  cases  do  not  correspond  with  each  other  for  the 
same  numbers  used  in  different  standards  or  styles  of  fixed  wire  gauges. 
Even  wire  gauges  of  the  same  standard  do  not  agree  with  each  other, 
due  perhaps  to  wear,  if  not  from  actual  variation  when  new.  To  over- 
come this  serious  difficulty,  the  use  of  the  micrometer,  indicating 
thousandths  of  an  inch  for  wire  and  sheet  metal  measurement,  was 
adopted  by  the  Association  of  Master-Mechanics,  in  Convention  at 
Niagara  Falls,  June,  1882. 

Since  this  date,  in  England,  the  Standards  Department,  Board  of 
Trade,  has  issued  a  table  of  wire  gauge  sizes  Avhich  are  to  be  the  legal 
standard  on  and  after  March  1st,  1884  (which,  by  the  way,  is  to-morrow). 
In  the  table  just  mentioned,  the  numbers  are  retained,  but  each  number 
shall  represent  exactly  a  certain  diameter  in  thousandths  of  an  inch. 
The  table  is  also  extended  to  include  the  metric  system  by  placing 
opposite  each  size  in  thousandths  of  an  inch,  its  value  in  millimetres, 
carried  out  decimally  to  tenths  of  a  millimetre. 

This  table,  for  instance,  begins  with  No.  ^,  which  is  "500  of  an  inch 
in  diameter,  or  12.7  millimetres.  No.  1  is  '300  of  an  inch,  and  No. 
50,  the  smallest  in  the  list  of  sizes,  is  '001  of  an  inch.  The  range,  we 
notice,  is  from  one-thousandth  of  an  inch  to  one  half  of  an  inch.  The 
variations  are  irregular,  not  advancing  by  equal  amounts  for  each  suc- 
ceeding larger  size.  This  is  no  doubt  due  to  the  effort  to  retain  as 
nearly  as  possible  a  general  average  of  the  old  wire  gauge  sizes.  In 
every  case,  however,  the  exact  size  is  stated  in  thousandths  of  an  inch. 
The  feeling  in  regard  to  the  great  lack  of  a  uniformity  in  wire  gauge 
sizes  under  the  old  notched  gauge  system,  may  be  best  expressed  by 
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a  remark  recently  made   In  tin-    master  mwlianic  of  one  of  our  Ijetjt 
Eastern  railroads. 

He  said  that  any  one  would  l>e  a.s  likely  to  go  to  a  lumlx'r  yard  and 
order  a  plank  ten  feet  lonj^,  twelve  inches  wide,  and  as"  tiiick  as  a  not<h 
cut  in  a  fenn-  post  made  hy  Torn  .lone?!,"  as  to  think  of  onh-riiijr  sheet 
metal,  specifying  tiiat  it  shouKl  Ik-  simply  "  No.  Hi  wire  gauge,"  as 
has  often  been  done,  not  even  .stating  by  what  gauge  it  is  so  called. 

The  application  of  standards  of  length  to  (»rdinarv  wf)rkshf»p  prac- 
tice has  so  wide  a  range  that  it  would  Im  impossible,  in  the  tim*-  at  our 
dispo.sal  this  evening,  to  attempt  an  enumeration  of  the  many  forms  of 
gauges  and  templates  necessary  to  secure  the  three  im{M)rtant  elements 
we  have  already  mentioned,  <li('a|)ness,  serviceableness,  and  «piantitative 
accuracy,  even  in  a  singlf  depart ment  of  work  nipiiring  intenliange- 
ability  of  parts,  as  for  instance  the  manufacture  of  sewing  machines, 
or  the  results  obtained  i>y  the  use  of  standard  gauges  in  the  manu- 
facture of  firearms. 

It  must  not,  however,  be  under-to<Hl  that  all  work  prcKluceil  is  as 
perfectly  in  dujdicate  as  are  the  gauges  tt)  which  they  are  referred. 

The  guagcs  are  the  means  provided  for  ke«'ping  within  l)ounds  in 
the  pHKluction  of  thousands  of  pieces  of  tin*  same  si»'»»r  .>ha|K',  in  which 
oftentimes  a  certain  amount  of  variation  is  allowed,  both  plu^^  and 
minus. 

Standard  gauges  prevent  the  gradual  slij)ping  away  from  the  original 
size,  and  serve  to  bring  back  within  the  limit,  variations  of  sijie,  which 
would  cause  endless  troui)le  and  no  small  loss  in  the  final  assembling 
of  these  intendeil  interchangeable  parts. 

This  accurate  fitting  is  only  re:illy  nectssary  in  gjuige  work,  for  if  bear- 
ings or  other  |«irts  of  machinery  were  so  cUwely  made  thev  w(»uld  not 
move,  or  if  by  ap|)lying  power  enough  they  should  Ih'  Martetl,  the 
ab.sence  of  oil  and  the  etlect  of"  the  cohesion,  if  we  mav  U*  alloweil  to 
s:iy  it,  wt)ul<l  <piiekly  ruin  the  surface  in  t-ontact. 

A  ttrtain  amount  of  ".ltH»seness  "  nui>t  Ik-  alIowe«l,  atul  bv  making 
the  journals  and  the  iK'arings  in  which  tluy  run,  to  (vrtain  «lefinite 
sizes  for  each,  the  journal  as  many  thous;indths  or  ten  thousiuulths  of 
an  inch  smaller,  as  the  size  or  length  of  In'iiring  may  n'«juire,  referring 
each  to  some  particidar  gaug<>  as  a  standard.  Phis  Uing  done,  no  f«ir 
may  l>e  entcrtaint^l  that  other  than  a  sjifi-:factory  fit  mav  l)e  thi  prac- 
ticable result. 

Before  concluding,  briet    meiuiou  shouM  l>e  made  of'  the  elforts  to 
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secure  uniformity  in  gauge  dimensions  for  steam  and  gas  pipe  thread 
fittings;  a  standard  for  which  is  now  claiming  the  serious  attention 
of  manufacturers  and  users  of  pipe  and  pipe  fittings.  Pipe  thread 
dimensions,  when  permanently  established  in  the  form  of  standard 
gauges,  made  so  by  the  use  of  accurate  subdivisions  of  the  Imperial 
yard,  though  seeming  to  be  an  unnecessary  refinement  for  so  ordinary 
a  class  of  work,  really  furnishes  the  means  of  extending  the  already 
well  developed  and  recognized  principle  of  modern  manufactures,  and 
which  is  "  cheapness,  serviceableness  and  quantitative  accuracy." 


Isolation  of  Calorific  Rays. — F.  van  Assche  places  a  drop  of 
distilled  and  melted  selenium  upon  a  strip  of  glass,  which  is  immedi- 
ately covered  by  another  plate  of  thin  glass  an<l  the  drop  is  compressed 
so  as  to  spread  it  uniformly  in  a  very  thin,  homogeneous  layer.  Care 
should  be  taken  to  avoid  boiling  the  selenium  upon  the  plate,  as  it 
would  produce  vapors,  which,  in  condensing,  form  cells  containing 
particles  or  crystals  of  selenium,  between  which  light  can  pass  without 
decomposition.  When  these  precautions  are  taken,  the  chemical  rays 
are  reflected  and  the  luminous  vibrations  are  converted  into  electric 
energy ;  the  calorific  rays  alone  traverse  the  plate,  after  having  under- 
gone a  certain  amount  of  refraction.  When  the  plate  is  heated  to 
-}-  250°  (482°F.),  it  appears  to  convert  all  the  radiations  into  obscure 
rays.  It  can  be  utilized  in  various  ways  in  the  analysis  of  calorific 
rays :  for  example,  in  the  experiments  of  Nobili  and  Meloni ;  in  the 
photographic  chamber,  as  an  isolator,  extinguishing  all  luminous  and 
chemical  radial  ions;  by  oculists,  to  shut  out  the  rays  of  medium  and 
of  great  refrangibility ;  and  in  the  analysis  of  solar  and  lunar  radia- 
tions. The  coefficient  of  transmission  is  positive  for  heat,  0  for  light, 
negative  for  the  chemical  rays.  The  greater  the  intensity  of  ordinary 
light  the  more  completely  it  is  suppressed  by  selenium. — Comptes 
Rendus,  Oct.  15,  1883. 

Interior  African  Sea. — Many  persons  have  supposed  that  the 
French  Commission,  which  was  appointed  to  examine  de  Lessep's  pro- 
ject, condemned  it,  but  this  is  a  mistake.  The  Yellow  Book,  pub- 
lished by  the  Ministry  of  Foreign  Affairs,  shows:  1.  That  the  exact- 
ness of  the  scientific  labors  on  which  the  project  is  based  is  beyond  all 
question.     2.  That  the  execution  of  the  canal   which  is  to  be  the 
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feeder  of  the  future  sea  presents  no  ditlieulty.  'J.  That  the  work 
would  l)e  durable, -ince,  even  if  wea<lrnit  tin*  most  unfavorable  hy|H>- 
the^e^i  with  rt-gard  to  evaporation  and  situratirm,  the  M-a  wouhl  have 
an  aiwuretl  existentx*  of  nujre  than  one  thounund  yi-ars.  I.  That  in  no 
point  of  view  could  the  .-m-ji  Ik*  injuri*)!!'^,  hut  that  nn  th*-  <"«»titrarv,  it 
would  favor  the  developinrnt  of  <-oloni/4iti<)n,  by  ameliorating  the 
climate,  diminishing  malaria,  and  inerea.-^ing  the  fertility,  o.  Opinions 
have  Ix'cn  divide<l  iL«<  to  the  im|)ortan<*e  of  the  new  route  whi«h  w«>uld 
be  o|>tiiied  to  commen'*',  to  the  industry  and  se<-urity  of  Algeria;  how- 
ever, no  one  has  l)een  able,  fronj  any  of  these  |Miints  of  view,  c"<jm- 
pletely  to  deny  the  utility  of  the  submersion  of  the  Imsin  of  the 
Chotls.  General  Viwd  and  others  have  elcKjuently  M'\  forth  the  eapital 
importance  of  the  interior  seji,  as  well  in  a  r«>lonial  as  in  a  military 
p<tint  of  view. — Comptejt  Rnulii*^  April  !♦»,  1M83.  C 

Propagation  of  Explosive  Waves. — lierthelot  and  Vieille  give 
the  e<ptation 

*.  =  W^' 

in  which  (^  is  the  anutiint  of  heat  set  free  at  the  moment  of  chemicid 
eond)ination  ;  <y,  27.}  times  the  s|>eeifio  lu-at  ;  ^,,  the  velocity  of  explo- 
sive tninslation  of  ga-coiis  moIe<'ules  ;  d^,  the  vel<H'itv  xf  nw-Mx  wave 
translation  after  the  explosive  wave  has  eeiistil  to  exert  anv  intiuenec. 
They  have  verifie*!  the  formula,  approximately,  for  a  s«^re  of  gaseoiLs 
mixtures  of  very  various  comjxisition.  They  think  that  in  the  act  of 
explosion  a  (t-rtain  numl>er  of  molecules  are  thrown  forward,  with  all 
the  vel(K'ity  corresponding  to  the  maximum  tem|Hratun'  develo|)til  bv 
the  chemical  i*ombination.  This  movement  is  tninsmitteii  from  one 
inHamed  eilge  to  another,  in  a  wave  which  is  propai:at«'»l  with  a  vrhnitv 
either  identi«-al  or  conipanible  to  that  «»f  the  mohrules  them.stlvt-s. — 
Ann.  (If  Chint.  d  dr  Pfiy*.,  xxviii,  2^X\.  ('. 

Tanning  Linen. — A  Belgian  inventor,  M.  Pinm,  h:i>  inv.  iititl  a 
metiuHl  of  reiulering  cvllulose  ti.^sui-s  im[>ermenble  and  verj*  duntbje, 
without  injuring  their  flexibility,  and  wititout  nuich  incn-a-^ini;  their 
weight.  By  examining  the  l«ndag«>*  of  the  Kgyptian  mummies  he 
inferre*!  that  the  best  preservatives  would  be  found  in  the  ve^^table 
kinplom.  and  he  h:is  given  preference  to  the  gnrii  tar  of  birch  Uirk, 
which  furni>hes  the  j>erfunje  of  ifiLssia  Kiither.  The  tar  forms,  with 
alcohol,  a  solution  of  great  fluidity ;  but  when  onw  drie<i  it  becomes 
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resinous  and  resists  the  solvent  power  of  alcohol.  It  can  be  combined 
with  the  most  brilliant  colors.  These  qualities  enable  it  to  penetrate 
the  capillary  vessels  of  tissues,  covering  them  with  a  varnish  of  great 
elasticity,  which  resists  the  corrosive  action  of  acids,  sea  water  and 
changes  of  temperature.  The  density  is  very  small,  so  that  the  tissues 
are  made  impermeable  with  a  slight  increase  of  weight.  The  prepared 
stuffs  can  be  folded  without  scaling.  The  aromatic  odor  drives  away 
insects.  Microscopic  vegetation  cannot  grow,  because  neither  air  nor 
water  can  penetrate  into  the  interior  of  the  fibres.  The  invention  can 
be  applied  to  all  vegetable  tissues,  such  as  sail  cloths,  cordage,  awnings, 
curtains,  etc. —  Chron.  Industr.,  April  22,  1883.  C. 

Interior  of  the  Globe. — Most  of  the  mathematical  investigations 
upon  the  figure  and  interior  constitution  of  the  globe,  start  from  the 
hypotiiesis  tiiat  it  is  entirely  fluid,  with  the  exception  of  a  compara- 
tively thin,  superficial  crust.  Prof.  Roche,  of  Montpelier,  has  shown 
that  the  hypothesis  of  complete  fluidity  cannot  represent,  within  the 
limits  of  probable  error,  the  polar  flattening  and  the  constant  of  equi- 
noctial precession.  He  finds,  however,  that  both  of  these  facts  are 
consistent  with  the  hypothesis  of  an  interior  nucleus,  with  a  density  of 
about  7,  and  an  external  layer,  with  a  thickness  equal  to  ^  of  the 
semidiameter  and  a  density  of  3.  This  would  give  an  interior  mass 
witli  a  specific  gravity  corresponding  to  that  of  meteoric  iron,  while 
the  enveloping  layer  would  be  comparable,  in  density  and  constitution, 
to  the  stony  aerolites. —  Comptes  Benclus,  April  23,  1883.  C. 

Meteoric  Dust. — While  admitting  that  the  brilliant  sunsets  may 
be  partly  owing  to  volcanic  dust,  Nordenskjold  thinks  that  cosmical 
dust  must  also  have  played  an  important  part.  The  snow  which  fell 
in  the  latter  part  of  December,  in  the  neighborhood  of  Stockholm, 
contained  small  quantities  of  black  powder.  Some  of  this  powder  was 
found  upon  analysis  to  contain  carbon,  which  when  burned  left  a  red- 
dish residium  of  oxide  of  iron,  silex,  phosphorus,  cobalt  and  nickel. 
The  quantity  of  cobalt  and  nickel  amounted  to  half  of  one  per  cent. 
The  Swedish  Academy  of  Sciences  has  made  an  appropriation  for  con- 
ducting investigations,  on  a  large  scale,  and  at  a  distance  from  human 
settlements.  Nordenskjold  communicated  this  information  to  Dau- 
bree,  in  the  hope  of  awakening  an  interest  which  would  lead  to  like 
investigations  in  the  Alps,  the  Pyrennees,  and  the  Jura. — Les  Mondes, 
Feb.  2,  1884. 
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Liquefa3tion  of  Gases  and  Solidification  of  Bisulphide  of 
Carbon  and  Alcohol.  — <  ailKiui,  in  a  note  j»iilWi-hf«l  in  l>f>2, 
rtMiMiinii  inl<<l  li<)ii<li<»l  ethylene  as  a  rneun.s  of  ohtaiuing  an  inteiu^ 
cold.  VVrohlewski  and  OlszewHki  have  employed  a  new  apparutiiB, 
whi<'h  allowed  iheni  to  .snluuit  con^iilerahle  (jUiintitiers  of  jra-s  to 
|)nssiir<'S  of  several  hnntlred  atniosplieri's,  so  ;u*  to  c^uigeal  hisniphide 
of  «:iri)on  and  alcohol  and  eornpletely  lifjuefy  oxy^jen  with  ^rcat 
facility.  By  hoilin;;  ethylene  in  a  vacnuni  they  have  ohtainetl  a  tem- 
peratnre  of  —  13G'^C.  ( — 212  H'^  V.)  Li<|uid  oxygen  i.s  (x»lorles.s  and 
transparent,  like  e^rlninic  acid  ;  it  is  very  mohile  and  forms  a  very 
marked  meniscus.  Bisulphide  of  carlxin  freezes  in  the  nei^hlxirhood 
of  —  mrC.  (—  17«)-8^  F.)and  melts  in  thenei;rhlK)rh<KHl  of  -  1 1(»^C. 
{ — 1<)6°F.).  Alcohol  Incomes  viscous,  like  oil,  in  the  neighltorhood 
of  —  129°C.  (— 200-2°  F.)  and  solidifies  in  the  neijr|,lH,rh(HHl  of 
13()-5°C.  (202*9°  F.),  Ix'i-oinin^r  a  white  IxKly.  Litpiefinl  nitro,:en  is 
colorless,  with  a  visible  meniscus.    ^bm^:><^/»  lietuhix,  April  I'l,  I'^M,'}. 
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HiNIS    ON     IMF;    DUMNAOK     AM>     SeWKUA(1K    (>F     1  »WKI,I.IN<  IS.       By 

W  in.    Paul   Cicrhanl,  Civil   Enjj;in<'cr.      New    York  :    \\ .   T.  Corn- 
stock,  1884. 

Aj^ain  we  are  calle<l  upon  to  chronicle  the  advent  of  a  new  work  on 
s;uiitary  H-ience  ;  and  that  hel'ore  us  is  well  caleulatetl  to  impress  one 
with  the  magnitude  that  the  hninch  to  which  it  is  devoted  has  ^;rown. 

In  the  first  chapter  the  author  (piotcs  from  an  Knj;lish  rejKirt  on 
filth  diseases  in  which  the  followinj^  passaj^e  (HX'urs :  *' Whether  the 
ferments  of  discAsi',  if  they  couKl  l)e  is<.»late«l  in  sufficient  quantity, 
would  prove  themselvi's  in  any  |X)int  o<loroas,  is  a  point  on  which  no 
guess  need  Ih»  hazarde<l ;  hut  it  is  <vrtain  that  in  doses  in  whi«h  they 
«in  fatally  atlW't  the  human  binly  they  are  infinitely  out  of  th*^  n-ach 
of  even  the  mast  cultivatetl  sense  of  smell,  and  that  this  sense  (tluuigh 
i»s  positive  warning  are  of  indis|H'n-ial)le  s;initarv  siTvi(v)  is  not  able, 
except  by  indirect  and  tpiite  in^utliciciit  pcrn-ptions,  to  warn  n^  air-iinst 
risks  of  morbid  infection." 

Such  remarks  wt)uld  1m'  superfluous  were  it  not  that  the  aliscni-e  of 
o<lor  appwirs  to  be  n'^anhnl  by  the  majority  of  |>ersonsas  indiciitive  of 
freedom  from  danger,  and  that  the  danger  is  pro|)orliontHl  t<>  the  otTeu- 
sivenes^  of  the  smill;  apparently  ignoring  tiie  fact  tliat  where  persons 
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catch  the  most  virulent  diseases  they  have  no  direct  intimation  of 
danger  until  the  symptoms  manifest  themselves.  It  is  also  to  be 
remembered — even  if  the  sense  of  smell  were  admitted  to  be  reliable 
to  detect  dangerous  emanations — that  this  sense  is  subject  to  the  same 
inequalities  in  different  individuals  as  the  other  senses,  and  is  less  likely 
to  have  the  attention  directed  to  its  deficiency  than  in  the  case  of  sight 
or  hearing. 

Among  the  numerous  methods  and  devices  illustrated  in  the  work 
it  is  impossible  to  decide  at  present  upon  the  most  effective,  no  doubt 
many  will  be  found  to  be  inefficient ;  a  practical  test  under  varying 
conditions  being  necessary  in  many  cases  to  demonstrate  their  defects ; 
but  it  is  probable  that  some  possess  nearly  equal  merits,  and  among 
them  there  will  result  a  sharp  competition  for  favor. 

As  ilkistrating  the  recent  developments  of  this  comparatively  experi- 
mental stage  of  sanitary  appliances,  the  work  under  consideration  is 
valuable.  W.  B.  C. 


The  Air  We  Breathe  and  Ventilation.  By  Henry  A.  Mott, 
Jr.,  Ph.D.,  E.  M..  etc.  Mott  Series,  No.  2.  New  York:  John 
Wiley  &  Sons,  15  Astor  Place.     1883.     81  pp. 

This  is  a  treatise  upon  the  two  subjects  indicated  in  its  title.  The 
first  part  is  a  description,  chemical  and  mechanical,  of  the  atmosphere 
and  its  impurities,  with  some  statements  of  the  effect  of  the  latter  upon 
upon  the  health  of  the  persons  inhaling  them. 

The  second  part  consists  mainly  of  descriptions  well  illustrated  with 
cuts  of  various  patented  devices  for  and  systems  of  ventilation,  in  some 
cases  evidently  copied  directly  from  the  manufacturers'  circulars. 

The  author  lays  special  stress  upon  the  advantages  of  ventilation  by 
"  aspiration,"  that  is,  of  draining  the  foul  air  from  the  place  to  be  ven- 
tilated, rather  than  of  forcing  fresh  air  into  it,  in  which,  on  the  ground 
of  economy,  a  question  which  he  does  not  discuss,  he  is  no  doubt  cor- 
rect ;  otherwise  there  does  not  appear  to  be  much  practical  diflPerence, 
for,  if  fresh  air  is  forced  in,  the  foul  air  must  go  out,  and  if  the  foul 
air  is  drawn  out,  fresh  air  will  come  in,  and  if  the  points  of  inlet  under 
it  are  equally  well  placed  the  value  of  the  result  attained  is  not  affected 
by  the  manner  in  which  it  is  accomplished. 

He  advocates  the  placing  of  the  exhausts  near  the  ceiling  rather  than 
the  floor,  a  point  as  to  which  there  is  a  difference  of  opinion  among 
good  authorities.  G.  M.  E. 
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List   of   li<KJKs   appki)   tt)   thk   Lihhaky   ihrino   Octobik, 

NoVKMIiKK  AM»    I  )F.«f:MIlKl:,  1883. 

rContlmii-'i  fr.,ii,  (,  ,i?i- j:.-j 

Bureau  of  h^lucaition. 

Co-education  of  S'xi'j'.      1.S7I.      \\  u.»liiii0on. 

CV)njrnori  Native  Trees  of  Northern  Knit*-*!  States. 

Cornparitive  Statistic  of  I'>iii<:utiun  inSixty  I*rin«i|Kii('<)untrie8. 

Wiwliin^ton,  1882. 
l']<Iii(-.itional     Convention-    arul     .Viiniversarits*    during    1.h76. 

NN'jt-liin^ton. 
Hi-torv,  Wi.rk,  i-tc,  of  Bun-aii. 
Int»rnational  (  onfrrciuv  on  p/lu<-ation.      1h7G. 
International  P^iluditional  Con^ri's>«.      Uru-^-M-ls.  1  HSO. 
M^^liwil  CnlK*jr»*^  ill  the  Unit*-"!  States.      Washington,  1M81. 
Mt-tlieal  t^lncjition.      1874.      Waj^hington. 
Tljoory  of  K<luaiti«»n  in  l'nite<l  Siiites.      1871.      Wa>hin^on. 

Fn>in  thr  I'unau. 

Bureau  of  Onlnance.  War  iK-imrtment,  U.  S.  Notes,  Nfis.  317  and 
320  and  Index  t».  Vol.  10.     Wit-hington. 

Fn»n»  the  Chief  of  the  Bureau. 

Bureau  of  Statistic*.  Treasury-  Dejmrtment,  V.  S.  .\nnual  Ke|>orts 
of  the  Chief  on  Conuneree  and  Navijration  of  the  I'nitetl  States  for 
1837,  IH.JH,  184.'),  1S4»;,  1H4S,  issl  and  ISM'J. 

Quarterly  Ke|>ort.s  of  the  Chi.f,  Noe.  3  and  4,  1882-1883,  and 

for  thn-e  months  endi-*!  .Iun«-  30,  ISK.3. 
Summary  Statement  of  the  Im|)ortri  and  Ex|>orts  of  the  I'nited 
States,  and    Monthly    He|>orts  of  the  Chief  of  the   Buniiu, 
18G7  to  1H83.  '  From  th»- Chief  uf  the  Hun-au. 

Burlington,  Iowa.  First  and  Secoml  Re|H»rts  of  the  S»i|KTinten<lent 
and  8ecretar>-  «»f  the  Water  W..rks.      1S7S-1HH2. 

Fn»m  the  Su|H?rinten«lent. 

Burritt,  F.  II.     (Jeography  of  the  Heavens.      New  York.      N.  I». 

From  B.  B.  .MeKiidey. 

Butler,.!.  !>.      .\rl>raska.      It.-*  Chara«teri.stii^i  ainl  l*ro«no<i.s. 

Cameron,  K.  lMa-t«T«r'«.  Mmiiii:i1.  \rw  York  :  Birknrll  and  Cotn- 
8to<'k      187l». 

Canal  Commissiom-rs  ot  .\»  w  York.     .Vnnual  lu|M»rt>  tor  1  ~  ~, 

1854,  18')5,  ls.')!»,  is«;(».  isr,-j,  i^c.'..  is»;7.  ls»;i»,  187.",  1-  ■., 

1877.  I'rom  the  Commiseionere, 

Canal  C<»mmi!«iouers  ol"  IVnn.-'ylvania.  -Vunual  Rejwrt.  1828.  Har- 
risl>urg. 
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Census  of  1820.     Report.     Washington,  1821. 

Census  of  1870.     Vital  Statistics. 

Census  of  Massachusetts.     1880.     Boston.        From  C.  D.  Wright. 

Charles,  R.     Cabinet  Maker.     London.     Spon,  1868. 

Canadian  Naturalist*  and  Geologist.  Montreal.  Parts  of  Vol.  1 ; 
parts  of  Vol.  7  ;  Vols.  8,  9  and  10.     New  Series. 

Chicago,  111.  Annual  Reports  of  the  Department  of  Public  Works. 
1879-1881.  From  Commissioner  D.  C.  Gregier. 

Chicago  Public  Library.  Reports  of  the  Board  of  Directors.  1872— 
1882.  From  W.  F.  Poole,  Librarian. 

Cincinnati,  Ohio.  Annual  Reports  of  the  Trustees  of  Water  Works, 
1851-1853, 1857,  1860-1863, 1867-1882.  Also  Report  on  Analy- 
sis of  Western  AVaters.  By  Locke,  1853.  Also  Special  Report  ou 
Extension.  By  Scowden.  1872.  And  Report  of  Board  of  Experts 
on  Warden  Compound  Pumping  Engines,  March,  1879. 

From  the  Trustees. 

Cincinnati  Board  of  Trade  and  Transportation.  Fourteenth  Annual 
Report.  From  the  Board. 

Civil  Engineer  and  Architects'  Journal.  Vols.  8, 13  and  14.    London. 

Clayton-Bulwer  Treaty  and  the  Monroe  Doctrine.     Washington,  1882. 
From  T.  F.  Dwight,  Librarian,  Department  of  State. 

Clark,  D.     Theory  of  Gas  Engine.    New  York  :  Van  Nostrand,  1882. 

Cleveland.  Ohio.  Twenty-seventh  Annual  Report  of  the  Board  of 
Trustees  of  Water  Works  for  1882. 

Csesar.  Commentaries  of.  Translated  by  Wm.  Duncan,  Philadel- 
phia, 1837.  From  B.  B.  McKinley. 

Columbus,  Ohio.  Twelfth  and  Thirteenth  Annual  Reports  of  the 
Trustees  of  Water  Works.     1882  and  1883. 

From  the  Superintendent. 

Concord,  N.  H.  First  to  Eleventh  Annual  Reports  of  the  Board  of 
Water  Commissioners.     1872-1882. 

From  N.  C.  Hastings,  Superintendent. 

Condit,  C.  L.  Painting  and  Painters'  Materials.  New  York  Railroad 
Gazette,  1883. 

Councils  of  Philadelphia.     Common,  Journal,  1862-1883. 

Councils  of  Philadelphia.     Ordinances. 

From  Chas.  H.  Banes,  Member  of  Councils. 

Councils  of  Philadelphia.     Select,  Journal,  1857-1883. 
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O.uncils  (»f  I'lii!a.Mi>l.ia.     OnJinances,  lH«i4-1866,  1H71.      Philadel- 
phia, 18G!»-1H71. 

Cnibb,  n,      Kii^lish  Synonym^.      NVw  York,  1H.T2. 

From  H.  li.  M«  Kiiiley, 

Croll,  .1.      ( 'liiiiatc  uimI  Titiir.      I/<»ii(l<»ii  :    I).  lioj^ue.      N.  D. 

Daniels<jiivilh',  lioroiij^h  of.     Annual  \i^:\y>r\A  of  the   Wanlen,  Chief* 
Enginwr,  an<l  Trwu^iirtr  for  1 882-1 KM3.  From  the  Engineer. 

Darwin,  ('.      Kxpn-sMions  of   Krnotions  in    Man  and  .\ninial««.     New 
York:   Applcton  tt  ('«».,  1H7."{. 

Dayton,  Ohio.     Annual  Re|K)rtH  of  the  lioanl  of  Trustet-s  of  Water 
Works  for  1871,  1872,  1875,  187«;,  1878-1882. 

From  the  Ii<«:inl. 

Dfck,  I.      New  System  of  (ieologij-til  Arrangement,  1834. 

Delaware.     (ieologi<-al  Survey  of,  1841. 

Department  of  .Vgrieulture,  V .  S. 

Address  of  (J.  B.  I^»ring,  St.  I>»uis,  1882.     Washington,  1883. 

Ad.ln-s.s  (.f  (J.  B.  lairing,  St.  I'nul.  August,  188;{. 

Amtriran  \\'hiat  and  ("«»rn.      Investig:ition  «)f  the  ('om|M>sition 

of.     ('.  Kichanlsnii.      WashingtfMi,  188.3. 
.Vngoni  Fltf'<-«'.      Remarks  on.      Wa»«hington,  1880. 
Artesian  Wells  u|M)n  the  Tlrent  Plains.     Washington.  1X82. 
Cereal.s  grown  in  1871*.      From  ( 'ensu.H  of  1 880.      Washington, 

188:5. 
Climate,  Soil,  etc.,  of  South  Camlina.     Washington,  1882. 
ComjMwition  of  .\meriean  Whe:it  and  Corn.      By  C.  liiehard- 

son.     Washington.  Fn»m  the  IVjKirtment. 

Contjigious  Di.stii.s««s  of  Domesti<*  Animals.     1880-1883. 
Corn,  l*olatiH>s,  and  TolMUt-o.     Re(>ort  on  .\rea  of.     -luly,  1883. 
Cotton,   Corn,    I'ntatiK-s   and    other    Field    ('mps.      iieport   on 

Yield  |xr  Acre.      NnvemlMT,  18S2.      Wa-hiiigton. 
FoH'strv  of' .Mississippi  N'alley.      Washington,  18.S.'{. 
Grain.      Re|M»rt  u|H>n  the  Yiehl  of.     ( K'tol»er,  1882. 
Grange.      Its  Historv,  Rrogn'^s,  cte.      Bv  .Viken.     W:tshingti>n, 

1883. 
Jute   Culture  and    the    Importuio-  of   the    Indttsfry.      By  8. 

\N  aterhouse.      Wa.-hington,  1  SS.l. 
Monthly  RejH.rts,  I8»5ti-1873,  187'>  and  I87G. 
PnHi>e<lings  of  a  Convention  of  .Vgrieulturists  luld  .lanuary 

10th,  1882.  Fnmi  the  IVnartment. 

Report  ofCommis.sioiier  of  .Vgrieultun*  for  1X82.    \N  ;L««hington. 
R«'|M)rt  of  the  Commi-ssioner  on  Disea.si'  of  Cattle  in  the  C.  S. 

Washington.  1871. 
RejHtrt  ujHJii  Cri>j»s  of  1882. 


394  Books  Added  to  Library.  [Jour.  Frank.  Inst., 

Department  of  Agriculture,  U.  S. 

Report  of  Crops,  August,  1883. 

Report  of  Crops,  September,  1883. 

Report  of  Crops,  October,  1883.     Washington. 

Reports  on  Rocky  Mountain  Locust  and  Chinch-bug.     Wash- 

mgton,  1883. 
Report  on  Yield  of  Crops  per  Acre,  November,  1 883.     Wash- 
ington, 1883.  From  the  Department. 
Sheep  Husbandry  of  the  U.  S.     Origin  and  Growth. 
Silage  and  Ensilage.     Tests  of 
Silkworm.     By  C.  W.  Riley.     Washington,  1883. 
Sorghum  and  Beet  Sugar  Industry.     Washington,  1883. 
Sorghum  as  a  Sugar  Producing  Plant.     1882.     Washington, 

1883. 
Sorghum  Sugar  Industry.     Report  by  Committee  of  National 

Academy  of  Sciences.     Washington,  1882. 
Special  Reports  of  Department  of  Agriculture.     Vols.  2-6. 

1879-1883.     Washington.  From  the  Department. 

Spring  Grain  and  Cotton.     Report  on.     June,  1883. 
Spring  Wheat  Culture  in  the  Northwest.     By  C.  C.  Andrews. 

Washington,  1882. 
Texas  Fever  of  Cattle.  How  to  Control  it.  Washington,  1882. 
Winter  Grain,  Condition  of.     Progress  of  Cotton  Planting  and 

Estimates  of  Cereals  of  1882.     Washington. 

Department   of  Interior,  U.  S.     Annual  Reports  of  the  Secretary. 
Washington,  1871-1873,  1875-1882.         From  the  Department. 

Department  of  Public  Works.     Chicago.     Seventh  Annual  Report. 

1882.  From  the  Department. 

Department  of  Public  Works  of  New 'York.     Annual  Reports  of  the 
Superintendent  for  1879-1882.     Albany. 

From  the  Department. 
Department  of  State,  U.  S.     Catalogue  of  the  Works  relative  to  the 
Law  of  Nations  and  Diplomacy.     May  13,  1881.     Washington. 

From  the  Department. 
Department  of  State,  U.  S.     Reports  of  the  Consuls  on  the  Commerce, 
etc.,  of  their  Districts.     Nos.  3-7  and  10,  11,  13-22,  24-33,  and 
Index  to  first  26  Nos.     And  Commerce  of  the  World  and  the  Share 
of  the  United  States  therein.     Washington. 

From  T.  F.  Dwight,  Librarian  Department  of  State, 
Desprez,  L.     Quinti  Horatii  Flacci  Opera.     Philadelphia,  1826. 

From.  B.  B.  McKinley. 
Detroit  Board  of  Water  Commissioners'  Annual  Report  to  the  City 

Councils,  1854-1869.  From  the  Board. 

Dieulafait,  Louis.     Diamonds  and  Precious  Stones.     New  York. 

From  Dr.  W.  H.  Wahl. 
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Dieeflt  of  Opinions  aii<l  I>>urliii^  ilw^cn  on  Int^nmtional  Law.      \N'a-li- 
inj^on,  1x77. 

From   r,  I*.  I)\vi^:lif,  Lilmtrinn  I>e|jartni<>iit  of  State, 

Dodge,  J.  li.      \''M^M  Hliowinj;   how    I*njte<-tion    IVoti'ct/*  the   Farmer. 

Waj<hin^Moii,  1«m.'{. 

Du<lh'V,  ThoN.  11.      \\t)\\  I'rotiftinri  Atli-«'t>  fri«-  i'artnrr. 

I'Voiu  the  AiiH'ri<-:iii  Iron  ami  St<"*'l  A.«*«iriatiou. 

I)u<lley,  Tho?-.    II.      Ki'ply  to  Aiigastu.H   MongrcdienV   ApiM-nl  to  the 
WeBtorn  Farnifr>  of  Ain«ri«ii. 

From  tin-  Amcric:!!!  Iron  ami  Steel  Association. 

nudiey  Olwervatorv.      .Vnimlx.      \'.»l.  1.      Allmny,  1H(>0. 

I)u  Mono'l,  Th.      KlectrtHMognet^.   New  York  :    \'an  N«»Htran«l,  1HK3. 

From  the  I'lilili^htr. 

Dunwo<Kly,  II.  II.  ( '.      .\ot«  No.  *l.      Weather  l*roverl>^.      Witnliin^- 
ton,  IHS;;.  From  Chief  Signal  OtliM-r. 

KMridge,  ,1,      Kiiginrer's    l'nirtic:il  ( iui<h' tor   Fixing  Hot  Water  A |>- 

panitii-.      l/4>n<lon,  IHHI. 

E<lward.«<,  K.      MfMJcrn  American  I>(MX)motive  F^ngino.      Philachlpliia : 
IJainI  iV  Co.,  1«h;{. 

Kleetro-Teihni.-H'he  Itiltliothek.      VoU.  l-lM  an«l  2<».      Wien. 

Engineer  I>«'|Nirtment,  V.  S.  A.    .\nniial  lle[K»rt  of  Chief  of  KiiL'iii'-«  r, 
IHGO.      \N'a.Hhington. 

EnginnT  Department,   V.  S.  A.      Kejuirt/'  of   In-|Mi  (i..n    of  tin-    Im- 
provement of  Siiitli  I'arts  Mirtr<itfr«ippi  Kiver.      \\  a-hington. 

Fn»m  the  iV'iMirtment. 

Engineor    I V|inrfm<'nt.   U.  S.  A.      He|K»rtH    of  the    Chief.    1S«IS  ami 
hS71.      Wa.shingtou.  From  the  lV|tartment. 

Engineer  I^-partment,  U.  S.  A.     Ii<'i)ort.H  n|x»n  the   Improvemenl.t  of 
the  South  lV>«  of  the  Mi.s.si.s!sippi  Kiver,  X^l't  ami  ls7«». 

Fronj  the  lK'|iartn)ent. 

Erie,  I'a.      .Vmiual    UejKJrt.-*  of  the    Il«inni   of   Water  Com mi.*««ioner>«, 
1881  ami  ISM'J.  Fnuu  the  Commii»ti<inen«. 

Ftthie.  J.  A.      .Magneto  ami  I  >vnanu>-Elei'trio  Machines.      Ihiblin:  J. 

Falconer,  l.SH.'l. 

Fairm«)nnt  Park  Art  A>*«oei:itii>n.     Eighth  and  Ninth  .\nnunl  I^mrts 
of  the  Trustees  ami  List  of  Meml>ers.  Fn»m  the  A-vMM'iation. 

Fall  Kiver.  .Ma>s.      First   \o   Ninth  Annual    Ke|H.rt-.  ..f  fl„    Witiip|« 
Water  Rmni  to  C^ninoil  of.     187&-1HS.I. 

Fnim  A.  II.  Mannu',  Km^iu.^t. 
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Fish  and  Fisheries,  U.  S.     Annual  Report  of  Commissioners  for  1880. 

From  S.  F.  Baird.     Washington. 

Fiske,  N.  W,     Manual  of  Classical  Literature.     Philadelphia,  1837. 

From  B.  B.  McKinley. 

Fletcher  Wm.     Abuse  of  Steam  Jacket.     London:  Spon,  1878. 

Fiynn,  P.  J.  Hydraulic  Tables  for  Calculation  of  the  Discharge 
through  Sewers,  Pipes  and  Conduits.  New  York :  Van  Nostrand, 
1883.  From  the  Publisher. 

Foreign  Commerce  of  the  United  States.  Annual  Report  of,  for  year 
1883.  From  Bureau  of  Statistics. 

Fish  Commission,  U.  S.  Bulletin.  Vols.  1  and  2.  1881  and  1882. 
Washington.  From  the  Commissioner. 

Fort  Wayne  Water  Works.  Third  and  Fourth  Annual  Reports  for 
1882  and  1883.  From  W.  E.  McDermut. 

Gariel,  C.  M.     Traite  practique  d'electricite,     Paris:  Doin,  1884. 

Gaudry,  Jules.  Traite  elementaire  et  practique  des  machines  a  vapeur. 
Paris,  1856. 

Geikie,  J.     Great  Ice  Age.     London  :  E.  Stanford.     N.  D. 

Geikie,  J.     Outlines  of  Field  Geology.     London :  MacMillan  d'  Co. 

1882. 

Geikie,  J.     Text-book  of  Geology.     London  :  MacMillan  &  Co.  1882. 

Geological  Survey  of  India.     Memoirs.     Vol.22.     Calcutta,  1883. 

From  the  Survey. 

Geological  Survey  of  Pennsylvania.  Second.  Reports  A  A;  C  4;  D  3 
Vol.  1 ;  D  5.     Atlas  to  D  3,  Vols.  1  and  2,  and  I  4. 

From  the  Office,  Harrisburg,  Pa. 

Glazier,  W.  C.  W.  Report  on  Trichinae  and  Trichinosis.  Washing- 
ton, 1881.  From  the  Treasury  Department. 

Glazier,  W.  C.  W.  Report  on  Trichinae  and  Trichinosis.  Washing- 
ton, 1881.  From  Bureau  of  Statistics. 

Gold  and  Silver.     Production  in  the  United  States.     Washington, 
1883.  From  the  Director  of  the  U.  S.  Mint. 

Gopsill's  Philadelphia  Business  Directories,  1870, 1876-1879  and  1880. 

Gopsill's  Philadelphia  City  Directory,  1876. 

Graham,  J.  C.  Elementary  Treatise  on  Steam  and  the  use  of  the 
Indicator.     London:  Spon,  1877. 

Grand  Rapids,  Mich.  Annual  Reports  of  the  Board  of  Public  Works 
and  City  Engineer  for  1875, 1876, 1878-1883.     From  the  Board. 
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Great  Barriu^toii  Water  Co.     IIistor>',  etr-.      1877. 

Frf>tn  tlio  ( 'liict"  Kii^'iruf.T,  \Vat<'r  iK'jKirtinent. 

Green,  U.    Sewing  Ma<liine.      Its  History,  et<'.      I^nulon:   SjH»n,  1HG4, 

IllinoiH  State  Agri(rultiiral  StM-ietv.  Transactions  or  Annual  RejK^rtii, 
18o;j-4,  1858-9,  18(;5,  18(>8, 'l88l  ami  1882.     SpringfuM. 

Imniiscli,  M.      Prize  Kssiiv  on  the  Balar.ec  Spring.      Ixjim1<»ii.      Spun, 

1H72. 

Imports  and  Kxjxjrts  of  tli<-  V .  S,  Snnunarv  Statement.  Augitst  2. 
1H8.'J.  Fr«>ni  tin*  Hiireau  of  Stxiti-tics. 

Im[)orts  and  Iv\|><»iis  of  the  U.  S.  Summary  Statement  of.  I''(»rlM8.i. 
Washington.  From  the  liureau  of  Statistir«. 

India,  Account  of  the  OjxTations  of  tin-  (Jrcat   TrigoiKinietricxd   Sur- 
vey of.      Vol.  !>.      I88.i.      Dchra  Dun.      From    His   K.\i-elhiny  the 
Viceroy  and  (iovernor-Gcneral  of  India.     Calcutta. 

India.  Meteorological  C)l)servation.s.  Recf)rde<l  at  six  Stations,  in 
DecemlxT,  1SH2,  .lanuary  and  February,  iHH.i. 

India.  Report  on  the  Meteorology.  IMKI.  By  H.  V.  Blaiif.rd. 
7th  year.     Calcutta,  1883. 

India.  Results  of  McteoroIogi«d  Observations  made  from  August  to 
Noveml>er,  1882.  From  the  Meleon>l.  Department.     Cah'utta. 

Indian  .\tt"airs.  .\iiniial  R<|H>rts  of  the  Commissioner,  l.s().'{,  1m7.'J— 
1H.S2.  From  the  Department  of  Interior. 

Indiana.  First  Annual  Repctrt  ot  the  Commissioner  «»f  Fisheries. 
Indiana}M>lis,  1883.      From  the  Secretary  of  the  Bimnl  of  .Agriculture. 

Indiana  State  B<»ard  of  .Vgriculture.  .Vmnial  Reports,  iMoS,  l.S.'iO, 
lSt;7,  istis,  1S7(I,  hs79-1882.      Indianapolis. 

Inspectors  of  Mines.  Pennsylvania.  .Vnnuai  Re|M»rts  for  1881-18X2. 
Ilarrishiu'g.  From  the  InsjKt-tors. 

Institute  of  AifiiMiifs.  .Iniiriiiil  In<l»\  f«>  tii>t  2(>  \'ols.  I^ondon, 
1883.  Fnmi  the  Institute. 

Institute  of  Naval  An'liite<'t>.  'I"iaii>;i«-tioiis,  VoU.  11  and  2l,an«l 
Pa|H'rs  rc:id  M:ir.li.  1  ss:i.      I,,. ml. in    1  S7n  aild  1883. 

From  the  Institute. 

Institution  of  Civil  Kngineers.  l^ondon.  .Minutes  of  Prmtttlings. 
Vols.  73  and  74,  1>nS;>.  With  brief  Subje^i  Imicx  to  Vols.  .")9-74. 
List  of  Memln^rs,  1883.  From  the  Institution. 

Instituto  y  Observatorio  de  Marina  de  San  Fernaiulo.  Anales. 
Se(}ion  2.     .\nt»  1SS2.  From  the  Institute. 
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Internal  Aifairs  of  Pennsylvania.  Annual  Reports  of  Secretary. 
Parts  1  and  2.     Land  Office  and  Assessments,  1870  and  1882. 

Internal  Affairs  of  the  Commonwealth  of  Pennsylvania,  Annual 
Reports  of  the  Secretary.  Part  3.  Industrial  Statistics,  1873-4  ; 
1874-5;  1875-6;  1876-7;  1877-8;  1878-9;  1879-80  ; 1880-81 
and  1881-82.    Also  Parti.   Railroads  etc.,  of  1881-2.  Harrisburg. 

From  the  Secretary. 

Internal  Revenue.  Report  of  the  Commissioner  for  1883.  Wash- 
ington. From  Walter  Evans,  Commissioner. 

Iowa.  Biennial  Report  of  the  State  Librarian  to  the  Governor,  Julv 
1,  1883.     Des  Moines. 

From  Mr.  S.  B.  Maxwell,  State  Librarian. 

Iowa  Water  Co.     City  Ordnance  and  Articles  of  Incorporation. 

From  the  Company. 

Iron  and  Steel  Institute.  Journal.  1881-1883,  and  Index.  Lon- 
don.    Spon,  1883. 

Iron  Works  of  the  United  States.  Directories  for  1874,  1876,  1878, 
1880,  1882.  From  the  American  Iron  and  Steel  Association. 

Isherwood.  B.  F.  Report  on  the  Hull,  Engine  and  Boiler  of  Steam 
Yacht  "  Siesta."     Washington,  1883.     From  the  Navy  Department. 

Jacksonville,  Florida.  Reports  of  Trustees  of  Sanitary  Improvement 
Bonds.     1881-1883. 

From  the  Superintendent  R.  N.  Ellis,  C.  E. 

Jersey  City,  N.  J.  Annual  Reports  of  Chief  Engineer  for  1879-1881, 
and  Reports  of  Board  of  P(jllutiou  of  the  Passaic  River. 

From  W.  W.  C.  Sites,  Chief  Engineer. 

Jersey  City,  N.  J.     Board  of  Public  Works.     Annual  Report,  1873. 

Johnson.     Report  on  Coal  and  Ore  Lands. 

Junius.  Including  letters  by  same  writter,  in  2  Vols.  Philadelphia, 
1834.  From  B.  B.  McKinley. 

K.  K.  Geographischen  Gesellschaft.  Mittheilnngen,  1882.  Wien, 
1883.  From  the  Society. 

Kansas  City,  Mo.  Report  of  the  Chief  Engineer  and  Committee  of 
Construction  of  the  Water  Works.     1874-1875. 

From  the  Chief  Engineer. 

Kansas  State  Agricultural  Report.     1872  and  1874. 

Kansas  State  Board  of  Agriculture.     Annual  Report.     1877. 

Kansas  State  Board  of  Agriculture.  Crop  Report  for  the  month 
ending  September  30,  1883.  From  the  Secretary. 
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Kansas  StaU'  Boarfl  of  Agriculture,  Thin!  Hieniiial  Ke|M»rt  for 
1>^81_}S2.     ToiK-'ka.  From  Win.  Sifu.*,  Setretan.-. 

Kentucky  (ie<iIogi<3iI  Survtv.  keiK>rt<?  for  IS-VJ  and  18o8-9.  Frank- 
fort, \m\. 

Kentucky,  Ge<»lo);iral  Sury«v.  Ue|M»rt  of  Progre>fi.  Vol.  5.  N.  S, 
Frankfort,  Kentucky,  isso.  Fn»ni  the  Survey. 

Knox  and  Lincoln  Railroad  Company.  RejH>rt?«  of  the  Directors. 
187.'i-1882.     Bath,  Maine.  From  the  Company. 

Korean  Coast,  Japan.     Ob^rvation-  ujH>n.      1882. 

From  Chief  of  Bureau  of  Navigation. 

Lake  Shore  and  .MiciiiuMu  S<tutlKrn  ilaiiroad  Company.  Fir^t  to 
Thirteenth  Annual  l{c|M)rt-.      Is71-iss2.     Cleyelanti. 

From  the  President. 

I^uicit-iter,  Penna.  R*'p»rt.H  uf  the  Chief  Engineer  of  the  Water 
Department.      1877-1M81-2.  From  d.  L.  l*<>rter. 

Land  Office.  Department  Interior,  U.  S.  Circuhir  Instruction-  rela- 
tive to  Deposits  by  Indivi<luals  fi»r  the  Survey  of  Public  I>:irid.-?. 

From  the  Offi^-e. 

Lan<i  Office.  Department  of  Interior,  V.  S.  Ile|M>rts  of  Comwis- 
sioner.     18o'),   18»)1,   ls«)2,   isjj.J,   1K»;4,   l.S«;.j.   18()!t,  187(>,  1880, 

1882.  Washington.  From  the  Commissioner. 

Leavenworth   City   Water  Company.      Report   of  F^ngineer  on  Con- 
struction.     1883.  Frtmi  the  Engineer. 

lA'high  Valley  Railroad  Company.  Annual  Rejiorts  of  the  Ik>anl  of 
Dire<-tors.   'lS71-lX82.     Philadelphia. 

Fn»m  J.  R.  Fansliawe,  through  D.  G.  liaini. 

Lewiston,  Annual  Re|M>rts  of  Re<'<Mpts  and   Ex|M'ndituns  of.      1S78— 

1883.  From  J.  F.  N:u-h,  Su|KTintendent. 

Light-House  District-^,  The  Thirteen.  List  of  Beacons,  Buoys,  Stakes 
etc.,  in  Washington.      1882. 

Fn»m  A.  B.  Johnson,  Liglit-I louse  Ikianl. 

Light- House  District.  Tenth,  List  of  Bosicons,  Buoys,  Towers  and 
other  Day-marks.     W.'L>*hingtoi),  18s;k 

From  A.  B,  Johnson,  Light-House  IWnl. 

Ijight-House  Establishments  of  the  Unite*!  States,  I^awsaud  liegula- 
tions  relating  to.     Wa-shington,  ISSO. 

Fn>m  A.  li.  Johnson,  Light-House  Btxird. 

Light-HouM^s.  Lichttnl  Bt«ains,  etc.  List  of.  On  the  Coast  of  the 
Uuitetl  States.      Washington,  1883. 

From  A.  B.  JohnaoD,  Light-Hoiise  Board. 

(To  be  c<  Deluded.) 
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[P7'oeeedings  of  the  Stated  Meeting,  held  April  16,  1884.] 

Hall  of  the  Ijsstitute,  April  16,  1884. 

The  meeting  was  called  to  order  at  the  usual  hour,  with  the  Presi- 
dent, Mr.  Wm.  P.  Tatha^m,  in  the  chair.  There  were  present  159 
members  and  19  visitors. 

The  minutes  of  the  previous  meeting  were  read  and  approved.  The 
Actuary  submitted  the  minutes  of  the  Board  of  Managers,  and  reports 
that  at  the  stated  meeting  of  the  Board  held  Wednesday,  April  9th, 
18  persons  had  been  elected  to  membership. 

The  Secretary,  by  instructions  from  the  Committee  on  Science  and 
the  Arts,  reported  that  the  Committee  having  made  the  usual  adver- 
tisement of  its  proposal,  and  having  received  no  objections  thereto, 
recommends  the  award  of  the  John  Scott  Legacy  Premium  and  Medal 
to  \he  following  persons,  viz. :  To  Thomas  Hall,  of  New  York,  for 
his  improvement  in  Type  Writers ;  to  Joseph  Bennor,  of  Philadelphia, 
for  his  improvement  in  Sewer  Gas  Traps  ;  and  to  Horatio  G.  Eckstein 
for  his  improvements  in  Feed- Water  Heaters. 

On  motion  of  Mr.  Henry  R.  Heyl,  seconded  by  Mr.  Wm.  B.  Le  Van, 
the  recommendation  of  the  Committee  in  the  case  of  Thomas  Hall  was 
approved,  and  the  Secretary  was  directed  to  prepare  and  transmit  to 
the  Board  of  City  Trusts  the  usual  communication  to  that  effect. 
Similar  action  was  taken  in  the  cases  of  Messrs,  Bennor  and  Eckstein. 

Mr.  Robert  Grimshaw,  of  New  York,  presented  a  paper  entitled 
"  To  Chicago  in  Eighteen  Hours,"  which,  with  the  discussion  thereon, 
has  been  submitted  for  publication. 

The  Secretary's  report  embraced  remarks  on  the  Waste  of  Fuel,  the 
Preservation  of  Forests,  and  a  comparison  of  the  growth  of  the  Coal 
and  Iron  industries  of  Great  Britain  and  the  United  States.  Of  the 
mechanical  novelties  described,  the  most  interesting  was  the  Siemens 
Regenerative  Gas  Light,  of  which  an  illustrated  description  is  in  course 
of  preparation  for  publication. 

William  H.  Wahl,  Secretary. 
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rm:  ciieapkst  point  of  (tt-off. 


liy  Wii.MAM  Dkxms  Mauks, 

\\'lillii<->   rri>fi'«».(r  i.f  I>\  iiiiiiilcitl  >-:iiKlii(><-rliif(  I'lilvpnilly  iir  IVnn«y Iratiti 


111  reply  to  I'roffssor  IK-  N'olsoti  WjhxI'h  rritici.miH  on  what  I  liavf 
luul  to  any  rt'^j^anlin^  (Ntmoiny  of  stcaiin,  I  will  c«>iii|t:in>  otilv  whnl 
I*r<»r.  W(mkI  lin«  writtni  with  what  I  have  written. 

Ill  this  JoiTRNAi,,  .laiuinry,  ISM  I,  Prof.  W.mmI  s-ivs  : 

"  It  is  nro|KT  to  <»l>s<rvt'  that  in  Prof.  Marks'  aimlvtiig  of  thi-  pmh- 
hiii  ill  th.'  I:i-t  iHct'inlKT  luiinlH-r  of  this  JoiKNAI-,  that  the  coitstant 
<'liar^t'w  art'  a«*sniiif<l  to  Ik*  a  Mtiistant  I'nirtion  of  th«'  <iwt  <»f  Ht«-:un  :  *' 
also,  "  Tlu'  solution  thni  i.s  not  ^viu-ral  luit  ^jH-cioi,  an«l  \vv  niav  «lra\» 
tin  inft'n'mv  that  the  |H)int  of  chcaiM^t  rnt-«»fl'  m  (jmrroUt/  (l(>|H>mIi'nt 
n[M)n  tlu'  (XMistant  rharj^«s.  " 

Prot".  W«hk1  iUnti  not  sustain  thr  lir^it  statmuiit  or  even  reftr  to  ii 
in  his  last  |>a|H'r. 

Is  this  fair?     One  of  us  wits  wronj;.      Whi«h  is  it  * 

III  this  .loruNAi,  for  Fehrnary.  ISSI,  I  siy  : 

"  rill'  «|u«>siion  S4juartly  at  issur  Iwtwivn  inysrlf  nn«l  niv  critii*  iji 
thin: 

"  Do  (hi  t'oiiMtant  rhnnfrtt  /i«/iv  t/ir  tj'ct  nj   inoi-iiuj  tin  t 

o/   nU-(>ff'  tdliT  than  it  inmltl   npjautr  f<>  ht-    from  ,t  vur,':.- 
fideratimt  f 

"  I    have  iLssertitl,  and    U'lievi-  I  have  pn»ve«l,  dial  they  «io  ooi,      I 
Wiini  K  No.  Vol..  i'XVII.— (TliiRP  Semiw.  Vol.  Imvii.^  » 
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would  further  add  that  I  am  convinced  that  the  ratio  existing  between 
the  actual  steam  from  boiler  and  the  steam  by  the  indicator  diagram 
in  no  wise  affects  this  questit)n. 

"  More  knowledge  of  the  law  of  this  ratio  may  affect  the  point  of 
cut-off,  but  will  not  involve  tlie  constant  charges." 

May  I  beg  the  render  to  mark  this  statement  f  It  is  all  that  is  at 
issue,  and  other  questions  that  may  be  raised  are  not  pertinent  to  the 
point  at  issue. 

Prof.  Wood  says  that  there  is  a  difference  between  the  "  designer's 
problem"  and  the  "owner's  problem."  I  do  not  recognize  such  a 
distinction.  The  first  problem,  the  problem  which  I  have  essayed  to 
solve,  is  how  to  get  a  certain  horse-power  Avith  the  least  possible 
expense.  There  is  another  problem,  which  is,  how  to  make  the  best 
of  an  existing  plant  which  is  not  adapted  to  the  requirements  of  its 
work,  but  this  is  a  special  problem,  requiring  a  special  knowledge  of 
the  existing  machinery,  and  cannot  be  treated  generally. 

In  this  Journal  for  December,  1883,  I  say : 

"The  gain  by  increasing  the  expansion  from  eight  to  nine  times  is 
but  a  theoretical  one  per  cent,  at  the  outside,  and  possibly  there  is  an 
actual  loss. 

"The  theoretical  minimum  results  for  condensing  trials  are  not 
closely  calculated  because  they  do  not  surely  indicate  accurate  attain- 
able results,  but  serve  merely  to  show  in  what  direction  progress  must 
be  made. 

"  Rio-ht  here  our  knowledge  is  deficient,  and  we  must  have  more 
data  regarding  condensation  before  attempting  to  accurately  predict 
real  results  at  high  expansions. 

"Concentration  of  power  is  lost  with  increasing  economy  of  steam. 
It  is  a  very  important  attribute  of  the  steam  engine,  bearing  directly 
upon  its  efficiency  as  a  machine." 

Ilio-ht  in  the  face  of  these  statements  Prof.  Wood  attributes  to  me 
the  following  ideas : 

"  The  problem  before  us,  then,  is  the  designer's  problem,  and  not 
the  owner's  problem.*     John  Doe  having  confidence  in  the  Professor, 

*  The  designer's  problem  consists  in  making  an  .engine  which  will  deliver 
a  given  number  of  horse-powers  most  economically;  the  owner's  problem 
consists  in  delivering  the  greatest  number  of  horse-powers  from  a  given 
plant  with  the  most  profit  to  the  owner.  When  the  designer  has  properly 
solved  his  problem,  it  is  merged  into  that  of  the  owner's. 
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eecurert  his  .serviw-s  in  solofting  the  engine  whifh  will  Im.*  the  nuist 
econotnical  for  (h-Iivcrin^  150  liors<.'-|>«>\v<Ts  for  t»>ii  _vcar>.  Fruiu  the 
known  initial  pressure  (siy  !»')  immmhI.x),  the  hack  |>n*?v'inr«'(-ay  •')  piuntl-), 
and  the  clearance  (which  he  as^nmes  to  be  small),  he  finds  by  nieanfl 
<»f  e<^nation  (8) 

B         6         1 

*"  ^  i^  =  90  =  18  ' 

lor  the  approximate  value  of  the  <  iit-oll';  and  for  a  more  arvurate  value 

which  for  want  of  data  wc  caiuxtt  reduce  nuincricidly,  and  henc"-  will 
assume  it  as  ^j,  or  even  ^.  These  men  go  into  the  market,  and  with 
the  given  <lata,  the  Professor  selects  the  engine  that  will  produtv  the 
150  horse-powers  **  bij  Wiinff  the  lamt  poHMihtr  tttram  jmt  horHC-jtoicrr  iter 
hour ;*^  excepting  that,  for  coinnjercial  rca-^ons,  he  quietly  u<<^<  a  <-ut- 
offijf  ^^(j*  as  the  basis  of  selection." 

Th(!  whole  problem  i>  a  *' comnuTcial  "  problem.  I  ilo  not  reihu'e 
the  number  of  expansion-*  bin-ause  of  tin-  mn-ttuHt  rJmrc/i'-x,  as  might  Ite 
inferred  from  Professor  Wooil's  language,  but  for  the  reasons  quoted 
above. 

Is  I*ri»f.  Wood  fair  in  ignoring  a  limitation  to  exp;insion  ol'  >tcani 
which  I  mathematicidly  deduce<I  from  physicsil  data,  and  then  stated 
in  plain  Knglish  '.' 

llv  has  no  right  to  attribute  to  me  al>snnlitii'>  in  the  wav  of  ,*.  oi» 
jJ-  cut  oil"  under  coiulitions  less  favorable  to  extreme  expansions  than 
the  conditions  from  which  I  (kiliiced  a  limit  of  ^i  or  9  ex|t:in>ion>. 

In  this  .loiiJNAl,,  February,  IMS  I,  I  s;iy  : 

*'  Kcferencc  to  my  pa|M'r  will  make  it  cle:ir,  1  tru-t,  jt>*  to  how  the 
|H»int  of  cut-oft'  ath-t'ts  the  weight  of  steam  |)er  horse-jM)wer  |M>r  hour, 
and  also  fix  the  limits  within  which  physiirjd  laws  confine  the  ex|inn- 
sion  ot'  steam." 

Professor  W(mh1  writes  as  follows: 

*^J)oc  The  question  of  the  cut-<»tV  grows  in  interest.  I  see  our  l*n>- 
fcssor  sjiys  :  'The  j>oint  of  «iit  »»IV  ha-^.  pnii-ti<':dly,  nothing  to  d«>  with 
the  constant  chargi's,  sjive  <o  tar  :l<:  it  determino  tin-  \. iliim.'  of  the 
cylintler  n><juire<l.' 

*  Journal  Franklin  Inmtitutk,  Dec.,  18S3,  and  Jan.,  1881,  p.  41. 
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"Smith.  I  do  not  presume  to  understaud  all  that  is  written  about  the 
cut-oif ;  but  there  is  something  amusing  in  this  statement  of  the  Pro- 
fessor. As  before,  he  denies  one  proposition,  and  then,  in  my  opinion, 
admits  another  element  Avhich  opposes  his  denial ;  for  in  my  opinion, 
the  size  of  the  cylinder,  involving  as  it  does  the  cost  of  the  engine, 
does  affect  the  economical  point  of  cut-off  by  making  the  constant 
charges,  so  called,  different  from  what  they  otherwise  would  be;  for 
the  truth  of  which  I  appeal  to  you  in  the  case  of  the  two  engines  now 
before  you.  The  consideration  of  the  theoretical  effect  of  constant 
charges,  I  leave  to  the  Professor." 

The  constant  charges  are : 

(1)  Interest  on  deterioration  of  and  repairs  to  engine. 

(2)  Wages  of  fireman  and  engineer. 

(3)  Cost  of  oil  and  waste. 

(4)  Interest  on  deterioration  of  and  repairs  to  boilers. 

(5)  "  "  "  shelter. 
(())  Taxes  and  insurance  on  machinery  and  buildings. 

Of  all  these  different  items  there  is  but  one  that  is  a  function  of 
the  size  of  tiie  cylinder;  it  is  the  interest  on  deterioration  of  and 
repairs  to  the  steam  cylinder.  I  will  even  say;  although  it  is  not  cor- 
rect; for  the  sake  of  having  the  same  premise  in  our  argument,  the 
interest  on  deterioration  of  and  repairs  to  the  engine.  What  does  it 
amount  to?  Are  our  brethren,  the  marine  engineers  of  England,  a  set 
of  dolts,  who  have  made  their  ship  ownei'S  rich  by  piling  cylinder  on 
cylinder,  and  carrying  the  expansion  of  steam  to  its  utmost  physical 
limitations  in  cylinder  after  cylinder? 

Could  anything  be  more  unfair  than  to  endeavor  to  make  me 
acknowledge  in  his  dialogue  the  difference  in  interest  on  the  cost  of 
the  steam  cylinders,  or  even  of  the  engine,  as  the  controlling  element 
of  cost  in  the  constant  charges  ?  It  is  a  trifle  not  worth  noticing,  and 
all  experience  has  so  proved  it.  Surely  that  engine  requiring  the  least 
steam  per  horse-power  per  hour  demands  the  least  cost  for  boilers  and 
appurtenances. 

Will  Prof.  Wood  be  so  good  as  to  give  some  actual  case  in  place  of 
the  subjoined  paragraph  ? 

"Doe.  Not  necessarily  so,  for  it  might  be  economy  to  lose  on  the  fuel 
and  save  the  cost  of  enlargement.  Suppose  that  the  interest,  repairs, 
etc. — "constant  charges" — are  16  per  cent,  on  this  purchase,  I  would 
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savf!  $100  jMT  vfjir  it"  the  snmllcr  cnpino  will  answer.  If  my  Ix.iNp. 
are  sonuwiiat  iiiMhr  sizr,  perhaps  ?';<)  jxr  year  extra  in  fuel  will  "^upply 
the  steam,  i«i  \vlii<li  «use  then-  will  In-  a  <le<'i<led  .saving.  Please 
e.xamino  thes<'  .sjM'(ifi«-ati<tii<  f»f  my  lK)il«'rs  ami  inform  me  if  they  liave 
sutfieient  (•:ipaeity  for  the  smaller  en^jine." 

Profemor  {aWi'V  fiji;urin^).     They  will  answe-r. 

Dw.  The  lM)ilerH  being  out  u\'  the  question,  •l«>es  it  not  follow,  from 
vour  own  reii.soninir,  that  it  may,  and  probably  will,  l>e  mon^  (s^tmo- 
niieal  for  me  to  j)nn'hasc  the  .smaller  engine. 

Profemor.  Well,  it  ap|KMirs  so  ;  but  I  still  assure  you  that  the  lurfjer 
nif/ine  will  (firv  you  the  150  ImrHr-potrerH  irith  lesM  rotti  for  fuel  than  thr 
yiiiftllrr  our. 

Will  Prof.  Wo  >(1  !»•  SI  fair  a-  to  take  the  onliinry  ••rise  when'  th< 
itojlers  are  in  (picstion  ".' 

1)<K'S  Prof.  WotKJ  mean  to  imply  that  the  e.vjKrimental  tignn-s  fur 
weight  of  steam  given  by  the  Hu<'keye  Kngine  Company,  or  by  Mr. 
Harms,  are  a  re.<ult  of  the  eonstant  eharges? 

Professor  Wood  shoidd  remember  that  his  thesis  is  "the  pomi  '>i 
cheapest  ent-otl'  i^^  f/enmi/lif  dep<'ndent  ii|M»n  the  eonst:int  elr.irg«*s." 

I  do  not  di-ipute  the  aeenraoy  of  the  physir:d  constants  obtaintnl  by 
Mr.  'rhitmi)son  and  Mr.  Harni^  ;  they  an-  valuable  adtlition**  t<»  our 
e.xperimental  physical  knowle<lge  and  will  be  more  valuable  when  we 
know  the  size  of  cylinder,  the  number  of  strokes,  the  quality,  tem- 
perature and  j)ressure  of  the  steam,  and  whether  the  engines  were 
<'ondensing  or  non-oondensing.      Professor  Woo<l  writes  as  follows: 

"  It  is  unnei'essury  to  argue  this  point ;  it  is  only  necessary  to  con- 
vince you  that  these  so-cidle<l  "(H)nstant  charges"  are  variables  in  the 
pnxvKs  of  designing,  to  ejiuse  vou  to  abandon  vour  rule,  giving  :.s  it 
does  a  eiit-otr  of  ^^^  to  -^^^^,  which  you  have  insiste<l  u|)  t«>  the  pres<'nt 
time  to  Ih'  *'  practically  accurate  within  the  widest  range,"  after  estal>- 
lishing   certain   relations  in  n-gard  to  the  stcim.     (.Jan.,  1XM4,  p    l.V 

I  sjiy,  .lanuary,   1884,  Joihnal  of  the  Fka.nkm.n   Institite: 

"  What  is  neiHieti  to  render  this  rule  prartically  arcuratf  trit/tin  thr 
xridtKt  rnnfjr,  is  to  establish  the  ratio  which  exists  l)etween  the  steam 
furnishe<l  by  the  boiler  and  that  rtH»nlwl  by  the  indic:itor  diagram, 
under  all  the  various  c.mditi<»ns  as  to  initial  and  biek  pressure.^,  \x\u\ 
points  of  cut-off  used." 

Could  what  I  said  as  a  <pialifi<ation  be  more  gjirbletl? 

In  this  JoiiiNAi.  for  February,  18SI,  I  wrote  jis  follows: 
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"The  proportion  from  which  equation  (5)  is  derived  is  this: 

"cV:  eV::  constant  charges  per  day  (C);  cost  of  steam  per  day  for 
a  cut-off,  e,  and  a  given  horse-power. 

"  c  is  not  a  constant,  as  sttited  by  Prof.  Wood,  nor  is  it  said  to  be  a 
constant  in  my  paper;  it  is  a  function  of  the  mean  effective  pressure. 

"If  fallacy  there  be  in  what  I  have  written,  it  must  be  found  in  the 
above  proportion. 

"  The  mere  assertion  of  so  distinguished  a  mathematician  as  Prof. 
Wood  carries  so  much  weight  that  it  is  a  duty  which  he  owes  to  him- 
self and  to  the  writer  to  give  the  most  careful  consideration  to  the 
point  at  issue,  and  either  prove  the  writer's  error  unmistakably,  or  to 
fairly  acknowledge  his  own,  in  as  public  a  manner  as  he  has  seen  fit  to 
publish  his  condemnation, 

"It  is  a  question  that  not  only  involves  himself,  but  also  all  his  col- 
leagues giving  instruction  in  engineering  in  the  Stevens  Institute." 

Has  Professor  Wood  referred  to  equation  {5)  in  his  last  paper  after 
criticizing  it  so  severely  in  his  first  paper?  Has  Piofessor  AVood  been 
just  in  avoiding  an  acknowledgment  of  his  own  mathematical  blunder  ? 

I  have  endeavored  to  meet  every  important  scientific  point  raised  in 
Professor  Wood's  paper  by  reference  to,  and  quotation  of,  published 
statements. 

If  I  have  omitted  any  which  Professor  Wood  deems  important  I 
shall  be  pleased  to  discuss  them  at  length  if  he  will  be  so  good  as  to 
direct  my  attention  to  them.  I  confess  I  have  been  considerably  at  a 
loss  to  comprehend  why  Professor  Wood  should  have  adopted  the 
platonic  literary  style  of  his  last  paper.  Unless  because  it  affords  him 
a  convenient  method  of  making  his  opponent  say  that  which  he  desires 
to  have  him  say,  and  thus  expose  himself  to  mis-construction  and 
criticism.  If  he  will  be  kind  enough  not  to  speak  for  me  but  directly 
for  himself  I  will  be  pleased  to  treat  the  scientific  discussion  soberly 
and  fairly  and  himself  courteously. 

I  see  no  reason  to  alter  the  following  statements.  Jour.  Frank. 
Inst.,  February,  1884: 

"/?i  other  words,  John  Doe  must  determine  the  most  economical  point 
of  cut-off  for  his  particular  case  from  purely  physical  considerations^ 
and  then,  if  he  can,  buy  an  engine  which  will  do  his  work  with  that  cut- 
off with  the  least  amount  of  constant  charges. 

"  He  will  be  wiser  if  he  anticipates  an  increase  of  buiiiness  to  choose  a 
eut-offa  Utile  too  early  rather  than  too  late  for  greatest  economy." 
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"This  Kimo  [K)int  was  inatlieniatically  stat***!  iti  tny  lettr-r  of  Oct.  2<>. 
1883,  to  th(,'  Tli<'  Anierictin  Kii'/inerr,  with  thr  n-iii:irk  :  *  If  I  am  c»ir- 
rwt  ill  my  prt;mi.sesi,  the  methud  of  I'rofw-mr  Kuiikine,  ils  well  an  the 
|«i|)C*rs  (»f  M«!ishr.><.  WdMT,  Di-ntoii  mikI  WVightmai),  ami  of  I'rofi3s«»r 
Thurston  must  he  vahuh-Hs.'  Then'  h  is  \t  tu  iio  pnnif,  of  any  prac- 
tical value,  ^iven  to  the  (^intrary  of  this  ass.^rtioii,  or  of  my  original 
position  in  this  Journal,  June,  1M80,  Have  Hurh  limitations  un  I  have 
myw.'lf  estahlishetl  I)«K-emiMr,  188.'{." 

"In  eitlier  0(Uk',  John  Doch  oiJy  OjjporlunUi/  to  «»irf  iiunu-y  Urn  in 
iaving  nletim  per  fiome-power  per  hour,  ami  the  j^reiiter  the  |)ower  UMjd 
the  more  money  he  oin  save  by  projier  attention  to  the  ixiint  of  eut- 
off.  It  is  ri^ht  here  that  these  ^futlrmen  —  I'rofe^vsors  I)e  \'<»I.s«>n 
Woo<l  and  Thurst<ni,  ami  MessrM.  Woltf,  I)ent«in  and  \Vei^litman — 
have  dweive^l  (hem.s«-lvis,  :in<l  iMTiM-tnit*-*!  the  al>?<unlitv  of -ivin^  ttiat 
you  «in  Siive  money  hy  u-in;.''  niorr  ^tfjitii  than  !>  n-allv  rui-.-^^irv  tn 
do  the  work  demanded  1." 

In  the  pree«>«linj^  «lis<-u.s.sion  I  have  in  fairne?vs  to  l'rol"e^s«»r  \\  ••ml 
confined  myself  to  my  pul)lishe<l  p:i|HTs  anterior  to  Min-h,  1884. 
Since  that  time  [J<HM{.  Frank.  Inst.,  March  and  .Vpril,  I8H4J  I  have 
published  :i  |»:i|Mr  on  "Initial  Oindeiwation "  whi«h  |)ossil>ly  may 
throw  nion-  li;,dit  on  the  law  of  the  i<ondensiitii>n  of  -(••am  iti.side  of 
the  steam  cylinder. 

These  pa|H»rs  have,  in  a  colU-ittHl  form,  In-en  f(»r  some  lime  in  Pn>- 
fesBor  WtKHl's  pos>iession,  and  I  am  justitie«l  in  a^vsuminvT  that  he 
permit.s  his  presi-nt  critique  to  lie  puhlishetl  with  a  tull  know leii^e  of 
what  I  have  written,  »\n(x  he  hax  dime  me  the  houor  to  criticise  my 
earlier  writinp<. 

I  will  ind  this  argument  l»y  sjivin^,  that  at-i-eptan*-!-  of  authority, 
however  hi^jh,  makes  un  end  of  s«ientitic  pn»;rn'ss. 

lijinkine  H  jjenius  enabled  him  to  step  from  |Kwk  to  jntik  of  know- 
le<lge  leaving  as  to  toil  throujjh  the  dark  valleys  In'twii-n  xs  In-st  we 
may.  Is  it  not  possible  howevi-r  that  the  very  nipidity  of  his  pnt^n-^s 
has  causctl  him  to  overI(H)k  im|H>rtaiit  i>onditions  and  limitations  of 
the  prineipU's  which  he  enuneiattil  in  rapi<l  siuxx»ssion  '.'  .May  it  not 
be  that  hisdeli^htctl  ami  daz/.ll^l  tollowcrs  have  not  Urn  ;L'»cinum>|H'cl 
as  they  woidd  U?  umler  ditlcrtMit  circumslamts,  or  in  aix>eptin^  the 
authority  of  a  less  brilliant  louler? 

Natun'  is  no  shallow  fountain  to  U*  exhaustixl  in  any  dirtx*ti«»n  by 
the  UKKst  profound  «>f  her  stmlents,  ami  chcIi  new  tliiitxtvcrv  but  o[>eD» 
new  vistas  int<»  the  infinite  field  of  knowlciljjt^  that  lies  U«fon^  us. 
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Nor  do  I  wish  to  be  understood  as  failing  to  render  to  Professors 
Thurston  and  Wood  that  tribute  of  gratitude  and  admiration  which  is 
due  to  them  from  all  engineers.  Their  talent,  their  industry,  and  their 
wide  and  varied  knowledge,  has  been  known  for  a  score  of  years,  and 
they  have  been  foremost  in  the  advancement  of  the  standing  of  the 
engineering  profession  in  many  ways.  No  denial  of  mine,  did  I  desire 
to  make  such  denial,  would  detract  from  their  well-earned  right  to  the 
title  of  leaders  in  engineering  research. 

Criticism  which  I  have  been  forced  to  make  of  the  writings  of  these 
gentlemen  has  ever  been  in  self  defense.  I  Avould  gladly  have  gone 
ray  own  ways  and  left  them  unmolested,  however  much  my  opinion  or 
my  deductions  might  have  differed  from  theirs.  My  language  lias  been 
positive  because  the  laws  of  nature  are  precise.  I  cannot  follow  them 
and  evade  plainness  of  speech. 

Taking  Professor  Wood's  article  as  the  work  of  a  professor  not 
ai)plying  himself  as  an  investigator  of  natural  laws,  but  as  the  act  of 
an  advocate,  I  cannot  deny  his  ability  as  a  dialectician.  Professor 
Wood  is,  however,  incapable  of  not  perceiving  what  lies  beneath  his 
argument,  or  of  overlooking  many  points  that  he  has  not  noticed. 
While  he  is  thus  intellectually  incapable  of  not  perceiving  his  suppres- 
sion of  half  the  truth  and  his  zig-zag  evasion  of  difficulties,  maybe  he 
regards  his  course  as  a  subdivision  of  labor  in  the  cause  of  truth  and 
thus  justifies  it? 

The  ardor  of  a  friend  too  may  plead  his  defense  for  having  over- 
leaped the  bounds  of  natural  laws,  and  forgotten  the  philosophic  circum- 
spection of  a  scientific  investigator. 

No  word  of  doubt  or  hesitation  mars  Professor  Wood's  appeal  to 
popular  sentiment  and  no  one  knows  the  efficiency  of  this  course  better 
than  himself.  He  represents  matters  of  opinion  as  undoubted  truth, 
and  he  neglects  undoubted  truths  where  not  suitable  to  his  purpose. 
Is  his  paper  worthy  of  himself  or  of  a  place  in  the  first  rank  of 
authority  ? 

In  order  not  to  misrepresent  Professor  Thurston's  attitude  in  the 
present  discussion,  it  is  but  right  to  quote  his  words  in  a  letter  to  the 
writer,  April  16,  1884,  regarding  initial  condensation. 

"If  it  should  prove  that  the  functions  areof  the  form  you  have 
assumed  you  will  have  earned  the  credit  of  their  first  publication.  In 
any  event  you  have  been  the  first  to  indicate  plainly  the  correct  method 
of  seeking  the  needed  quantities,  and  to  make  an  effisrt  to  obtain  the 
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co('fri(i(Mits  ill  a  coinit  iiiaiiiHT,  tor  ]  iiitoritionally  left  it  iiuli-flnit*.*  in 
my  jiajM.Ts.  I  shall  Im>|K'  Ix-lore  tin-  -ntiinn  r  i-  i»vtr  to  !/•  t  ;if  flu-  n-al 
thing  approxiinati^ly  if  not  exactly." 

It  Would  hr-  hard  t«»  ov<T-(*.stitnit('  tin-  gtMier«r*ity  and  (iindur  nl'  these 
words  or  the  pleasure  it  atlordx  the  writer  to  meet  I*rofess<jr  Thurston 
on  coniiiioii  j^roiiriil  in  the  search  for  scientifit'  truth. 

The  following  analysis  of  a  pair  of  indicator  duignim-i  will  illitstrate 
a  phiLse  of  the  law  of  «'ondensiition  <if  steiini  in  whieh  tlio  n»tin  hctween 
the  actual  and  the  indicated  steam  secni-  to  l»c<'onje  a  con-t.-iiit  and  a 
minimum  for  :dl  poiiit.s  <*f  ciit-otl. 

The  writer  <»\ves  the  diagr.iiiis  to  the  thuiightrni  coiirtj-sv  of"  Mr.  .1. 
\^iuglian  .Merrick,  of  the  S  iiitli\v:irl,   I'r.nndTv     IMiiladelphia. 


Porl«r-Anon  KagliiP.    roNl-ofnoe  lti)ll<llii(,  I'lilUdt'tpliin,  M«roh  ti.  IHst.  scal<<  iip>und« 

por  Inch 

Kngine  nnn-<>(>ndensin^. 
Stroke  24"      2  ft. 

Clearance  41  per  c»ut.  of  utroko  —  <»09  ft.  «le<iueo«!  from  ex|>nn!<i<}n  curve. 
Diameter  14^"       I-2tW  ft. 
Alts,  initlnl  pressure,  hack  eml.  s7  lbs. 
"  "  fnint  end,  81)  Ihs. 

"  "  iiiran,  88  Ihs. 

"      luu'k  prt'Hsiirijit  mldstntke,  10  lltr*. 
Tomporiituro  of  Initial  .st««aiu,  .US+'>  dejr.  Fahr. 
Speclt\c  vol.  of  initial  steam.   .HOn  s. 
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Temperature  exhaust  steam,    216-29  deg.  Fahr. 
Number  of  strokes  400  per  minute. 
Mean  eff.  pressure,  front  end  =  20*62  \ 

"       "  "         back  end  =  17-24  [  Amslers'  Polar.  Planimeter  used. 

"       "         "  mean         =18-93  J 

Indicated  horse  power  =74-91. 

Max.  back  pressure  =  pressure  at  cut-off. 

(c)  Point  of  cut-off,  front  end  1       ^  ,„„ 
n      II         i,  ,      ,         ,1  =  0-168  mean  value, 

back  end  > 

(k)  Clearance  (true)  0-043. 

Cut-off  less  compression  (e—k)  0125.  =  i. 

859375 
Indicated  steam  onn-Qv.  il,  no  xT^  =  18*86  lbs.  per  horse-power  per  hour. 

oxjy)  o  /^  lo-yo  /\  o 

Since  the  back  pressure  reaches  the  initial  pressure  we  can  reason- 
ably assume  that  the  condensation  of  the  piston  and  cylinder  heads 
disappears  entirely  or  is  greatly  reduced,  therefore  equation  (8)  Journal 
Franklin  Institute,  March  1884,  assumes  the  following  form: 

.  =  i+5ZkrZe)(7l 

62iN  d 

If  we  let  A  =  —kandI)=  TlIzJi  C 

8  N 


we  have 


.    ,    Z)    4 

r  =  1  +  —    - 

A    d 


In  tlie  present  case  A  =  "207 

In  the  present  case  D  =  '0025  if  we  assume  C  =  ywq  ^b.  from 
Harris-Corliss  Engine.     J.  F.  I.,  March,  1884. 

•207  X  1-208 

Therefore  the  actual  water  from  boiler  is  18*86  X  1*04  =  19*61  lbs. 
per  horse-power  per  hour.  This  of  course  makes  no  allowance  for 
losses  in  pipes  and  by  radiation,  but  only  for  the  loss  by  the  unavoid- 
able internal  cylinder  condensation,  assuming  dry  saturated  steam  to 
reach  the  cylinder. 

The  fraction  of  the  stroke  6,  at  which  the  exhaust  port  closes  is 
•236  from  the  nearest  end. 

Rendering  fixed  the  condition  that  the  exhaust  steam  shall  always 
be  compressed  to  the  initial  pressure,  and  seeking  the  cheapest  point 
of  cut-off,  we  have  a  modified  form  of  eq.  (16)  (J.  F.  I.,  March  1884). 
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4, -/,(,- „aM„«.;:)]  ^ 

e  = •    k  —  A:  uat.  ute. 

P, 

From  tin;  (Lita  we  have 


/^[l-/>(l->uit.  h>K.  ^)] 


k  =  0-043 
AsBume  «  =  i  we  have 

0-25  =  -212  -f  -043  —  059  =  196. 

Assume  Of^in  e  =^  ^  we  have  with  sufficient  aec'unu  v 
•JO  =  -212  -H  -043  —  -009  =  180. 

Ahotit  i  <nt-(>il'  then  proves  tlie  jwint  of  cheajKst  ent-r»rt'  uinli  r 
ex  ist  i ng  ei  rcu  m.sUincrs. 

This  is  the  true  cut-ofl'and  inchides  eiearane<', 

(^iidcr  existing  (irciimstanees  the  |)<)int  of  maximutn  e<>onomy  i* 
slightly  overrun,  but  the  engine  will,  in  all  probability,  have  an  in- 
creased load  put  upon  it  and  cut-off  later  in  the  stroke  than  17  per 
cent  of  the  volume.  .\.s  inst:dle<l  greater  economy  cannot  be  reacheil 
by  the  engine,  and  the  end  of  any  jKjssibie  economy  by  cxp:inj>ion  is 
reacheil. 

The  |)eriection  of  the  ex|xinsion  and  (vnipres-^ion  curves  would  .seem 
to  indicate  tight  valves  and  piston. 

There  was  evidently  an  iiUerval  sufficient  to  j)ermit  a  change  of  the 
regimen  of  the  engine  between  the  taking  of  the  steam  chest  di;igrum 
and  that  froni  the  back  end  of  the  cylinder. 

I  do  not  know  that  1  have  ever  seen  diagrams  njore  c»>mpletely 
fulfilling  all  the  mechaniad  and  economic  conditions  of  a  high  s{)ee(I 
non-condensing  engine  of  small  size. 

It  is  of  interest  to  olxserve  from  the  fornnda  that  the  ciniditiou 
placet!  that  the  compri-ssiHJ  exhaust  ste:un  shall  reach  the  initial  pressun? 
renders  the  ratio  of  the  indicateil  to  the  actual  steam  a  (instant,  tor  all 
[Ktints  of  cut-otV. 

The  steam  chest  diagram  by  its  suilden  ilrop  and  rise  shows  this 
(X)ndition  not  to  have  been  precisely  fulfilled,  but  it  is  doubtful  if  the 
exact  fulfillment  of  such  a  condition  t^u  Ik'  demandeil  of  any  engine 
in  actual  use  for  onlinary  purpi*ses. 
PhikuUlphia,  May  9,  lSii4. 
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TURBINES. 


By  DeVolson  Wood. 


The  chief  object  of  this  communicatiou  is  to  pass  a  criticism  upon 
Professor  Rankine's  treatment  of  turbines  as  given  in  his  work  on 
the  Steam  Engine  and  other  Prime  Movers,  pp.  189-199.  If  my 
audience  were  before  me  with  book  in  hand,  it  would  require  but  a 
few  words  to  explain  the  matter,  but  considering  it  to  be  scattered, 
and  variously  limited  as  to  time  for  the  study  of  the  question,  I  will 
analyze  it  in  detail. 

On  page  195  of  the  work  referred  to  is  the  statement:  "The  above 
are  general  expressions  for  all  turbines  with  guide  blades ;"  which, 
being  without  qualifications,  might  be  taken  literally  as  applicable  to 
turbines  of  all  manner  of  construction  and  run  at  any  speed.  But  in 
fact  the  author  has  so  restricted  the  problem  that  it  can  apply  only  to 
the  three  classes — outward  flow,  iuAvard  flow  and  parallel  flow — and 
further,  that  each  of  these  classes  must  be  constructed  in  a  particular 
way,  and  run  at  a  certain  definite  speed.  Thus,  he  states,  on  page  191, 
^'  In  treating  of  the  efficiency  of  the  turbine,  it  will  be  assumed  that 
they  are  constructed  of  the  forms  and  proportions,  and  worked  in  the 
manner  most  favorable  to  efficiency,  according  to  rules  which  will  pre- 
sently be  explained."  These  rules  are  few  in  number,  and  restrict  the 
wheel  to  a  special  kind. 

In  attempting  to  treat  of  the  three  classes  of  turbines  as  one, 
Rankine  is  obliged  to  construct  language  so  that  it  will  be  equally 
applicable  to  any  one  of  them,  and  although  much  is  gained  in  gener- 
ality in  the  analysis  by  this  process,  yet  something  is  sacrificed  to 
definiteness  of  expression  and  idea.  We  prefer  to  confine  the  attention, 
at  first,  to  one  form  only,  and  for  this  purpose  choose  the  outward  flow 
wheel,  after  which  the  notation  may  be  so  interpreted,  if  possible,  as  to 
apply  to  other  forms.  In  Rankine's  treatment,  the  energy  of  the 
water  due  to  its  descent  while  in  the  parallel  flow  wheel  is  neglected, 
which,  in  many  cases,  is  too  important  to  be  neglected. 

The  rules  given  by  Rankine  for  the  outward  flow  turbine  are :  "  The 
first  element,  E,  of  the  vane  EL  of  the  wheel  must  be  normal  to  the 
inner  rim  EG,  and  hence  will  be  radial,"  page  190.  "  The  wheel 
shall  be  so  constructed  that  the  radial  velocity  of  the  water  through 
it  shall  be  uniform ;"  "  The  wheel   shall  have  such  a  speed  as  that 


o 
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the  tan^('ntial  veI(K'ity  of  the  water  on  entering  the  wheel  shall  er{ual 
the  veI(K'ity  of  th<-  inner  rim  of  the  wh<'el  ;"  "The  tangential  vehxitv, 

f»r  vehnity  «»f  whirl  rtUitirrly  to  tJie  tchtfl, 
oti  iejtvin^  the  wheel,  .shall  lie  e(|iial  ami 
i'ontniry  to  that  «»f  the  outer  rim  of  the 
whe«'l ;  and  lh«-whe<'l  iHtssi^es  mui^t  betvii- 
.stantly  full,"  p.  I9.'J,  Acioptin^^thcnotatiou 
/H  of  the  author,  we  have  r  =  OE  =  the 
nuliu.s  of  the  inner  rim  of  the  wheel,  »ir  = 
the  radiiLs  of  the  <»uter  rjnj,  where  the 
water  fiuit.**  the  whwl,  n  =  the  angular 
vel(K'ity  fif  the  wlu-el,  ar  and  nar  =  the 
two  rim  vehxities,  a  =  FKA  =  the  angle 
l)etween  the  last  element  of  the  guide  plate 
^'A'and  the  inner  rim  GE,  ,i  =  KLIf  = 
the  angle  between  the  l;i.Nt  element  of  the  vane  EL  and  the  outer  rim 
///>.  V=  the  actual  velocity  with  whieh  the  water  enters  the  wheel, 
v=  Fco8.  a^=the  tangential  (x>rui>onent  of  the  velocitv,  ealle«l  hv 
Rankine  the  vel(x:ity  of  whirl,  and  ir  =  tin-  velocitv  of  whirl  n/a- 
(ivily  to  the  vane. 

Then,  .since  the  velocity  of  whirl  on   first  entering  the  wheel  is  to 
e<|ual  the  velcK'ity  of  the  wherl  at  that  {)oint  (top  of  pjigc  \d'.\),  we  have 

v  =  <tr  (a) 

and  sini-e  the  water  i.><  to  Iwive  the  whe<'l  without  whirl  (iMtttom  of  pnge 
192). 

ir  =  nv,  (6) 

and  .since  tlu-  nidial  vehx-ity  i.s  to  be  uniform  (p.  192), 


Vui.  1. 


tan.  a=  n  tan.  ,i ; 


{c) 


which  eipiations  are  the  same  as  those  of  the  author. 

It  is  a  principle  of  mechanic's  that  when  the  fonx-^  of  a  svstem  »>on- 
sist  oidy  of  the  mutual  actions  and  n-artion.««  U'twecn  the  pjirt.s  of  the 
KVsteni,  thr  moment  of  the  momentum  will  be  constant  during  the 
motion.  In  the  turbine  a<-ting  without  inipulx-,  and  friction  In'ing 
neglecteil,  the  motion  is  {»rtKlutv<l  by  pressure  betwivn  the  water  and 
floats,  and  hence  the  above  principle  is  applicable,  and  the  moment  of 
the  momentum  lt»st  by  the  water  will  W  im|>iirtoil  to  tlie  wheel.  Thia 
is  the  principle  iLse<l  by  Kankine.  |Kige>  193  and  194. 
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If  m=  DQ  -^  g,hQ  the  mass  of  water  flowing  through  the  wheel 

in  a  second,  then  will  the  moment  of  the  momentum  of  the  water  on 

entering  the  wheel  be 

mvr  {d) 

which  is  the  author's  equation  at  the  middle  of  page  194.     Whatever 

be  the  velocity  of  the  wheel,  the  tangential  velocity  with  which  the 

water  quits  it,  will  be 

nar  —  w,  (e) 

which  is  the  next  expression  given  by  the  author.     But  now  he  sub- 
stitutes nv  for  w  (equation  {h),  making 

7iar  —  w  ^  n{ar  —  v).  (/) 

But  it  is  not  generally  true  that  w  =  nv,  and  is  true  only  for  a  par- 
ticular speed ;  and  in  this  case  the  particular  speed  is  given  by  equa- 
tion (a)  which  will  reduce  (/)  to  zero.  The  author's  equations  (2)  and 
(S),  page  194,  are,  therefore,  not  generally  true,  and  are  true  only  for 
V  =  ar;  and  this  value  reduces  the  author's  equation  (3)  to 

Ma  =  mvra,  [g) 

where  JIf  is  the  moment  of  a  couple.    This  result  follows  directly  from 

our  equation  UT)  by  multiplying  it  by  a,  and  may  be  reduced  by  means 

of  equation  («)  to 

Ma  =  mv\  (h) 

It  is  worthy  of  note,  in  passing,  that  the  dynamic  effect  in  this  case 
is  twice  that  due  to  the  kinetic  energy  of  the  water,  and  hence  one-half 
must  be  due  to  direct  pressure;  and  if  the  entire  effect  of  the  water 
were  utilized  by  the  wheel,  the  head  due  to  the  velocity  of  the  water 
^nterino-  the  wheel  would  be  one-half  the  head  in  the  supply  chamber, 
but  as  there  is  inevitably  a  loss,  the  head  due  to  that  velocity  will  be 
less  than  one-half  the  total  head,  the  exact  value  of  which  will  soon 
be  found. 

Passino-  now  to  page  195,  and  following  the  method  of  the  author, 
considerino"  the  total  energy  expended  as  divided  into  several  heads; 
we  have  h^  the  head  due  to  the  tangential  component  of  the  velocity 
as  it  leaves  the  guide  plates;  /ij  the  head  due  to  the  radial  component 
of  the  same  velocity,  called  the  velocity  of  flow,  and  these  added  will 
be  the  head  due  to  the  velocity  with  which  the  water  issues  from  the 
gates  •  ^3  the  head  due  to  the  tangential  component  of  the  velocity 
with  which  the  watfr  enters  the  vanes  of  the  wheel  relatively  to  the 
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wheel;  then  a.s  the  water  in  jKi>win^  thro«i;;h  the  whwl  we  have  A.  the 
Jica<l  <ltie  to  theaotion  of  the  wheel  on  the  water,  whi<*h,  lK»injr  an  enerjn^ 
iiii|>arte<l  \>y  the  wh*^*!  to  the  water,  will  Ik*  nejrative;  h^  the  hea<l  due 
to  the  tan^^'utial  «)Mi|M)r»ent  of  vehx'ity,  or  velwity  of  whirl  relatirely 
to  the  vdHe  iXH  it  «niit>*  the  wIm-*'!,  <':ill«"«l  tin*  revrix-fl  rt>lative  veNwitv  of 
whirl  ;  then  ax  the  water  quit.-  tin*  wImi*1  wr  have,  A^the  nulial  ••ofii|K»- 
iient  of  the  aetual  velcx-ity  with  whieh  the  water  «juit*  the  wheel,  and 
//j  the  tanj^ential  e«»in|v)r>ent  of  the  .-:inn*,  or  the  final  vehwjtv  of  whirl. 
'J'lie  values  of  the  M'veral  heji<l~  i<.i  tju-  n»n(lition.»  pn*<Til>e«l  by  the 
author,  will  l>e 

/ij  =  r**  tan.'  a  -^  2'/,  A,  =r  nV  tan.'  ^i  ~  'ly, 

A,  =  0,  K,  =  0, 

h^=  —  {n-ra  —  t\i)  -i-  2//  =  (1  —  n'j r'r/*  -7-  'Ig. 

But  h^  \»  not  only  the  .same  aj*  A,  in  value,  hut  a.<i  the  whei-1  is  oiu- 
Htruetetl  an<l  o|Hrate<l,  one  i.s  simply  the  repetition  of  the  oth«T.  and 
hence  one  of  them  must  l>e  suppr^'H-^il,  and  in  onler  to  conform  with 
the  notation  of  the  author  A,  will  be  canceled!.  IltMMv  we  have  for  the 
head  in  the  supply  chamlK>r 

A,  =  A,  4-  A,  -f  A,  -t  /i,  -t  A,  -f  A. 

which  i.s  the  author'.s  e<juation  (4),  pa<re  1J)5,  and  tluH  far  thr  an:ii\-i-. 
is  correct.  Itut  we  ol)sc'rve  that  thi.««  eipiation  is  tru«^  oidv  for  tlir  wht-el 
tcA  nia«le  and  when  run  with  the  veltK-ity  r  =  a\  Wen-  it  not  so  nni 
as  to  make  the  final  taiimiitial  vthnity  ztro,  A^  would  have  a  finite 
value,  ami  if  the  wlurl  wi-re  not  constructctl  for  a  uniform  radial  tlow 
A,  an<l  A,  wouKl  not  Iks  equal,  and  were  it  not  tx»nstrueteil  an«l  run  a** 
<lcscril)e<l,  we  would  not  have  A,  =  0,  nor  ir  =  nr.  Now  making 
r  =  ar,  (><|uation  (1)  be««omcs 

A.  =  (2  4-».Man.;9VH-2</.  ,^, 

which  is  the  author's  e()uation  (2),  paj;e  IIKJ. 

We  claim  that  li^inkine  errs  in  all  his  analysis  where  he  (x>iisideni 
cr  a-s  diflerent  in  value  from  r;  that  on  \kv^  1JI5  followinjj  •i|uati«>n 
(G)  it  should  read  :  The  aUjve  expn-s-ions  are  true  for  the  thn^-  rla?v*s 
of  turbines,  when  j-onstructe*!  as  dw*cribeil,  and  nm  with  the  veKx-ity 
r  =  ar  as  state<l  ;  that  all  his  (<i]uations  on  |iaf*«^  IJlo  to  2(X)  an?  erro- 
neous except  within  the  alcove  iximlitions  :  that  the  solution  of  n>artion 
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wheels,  Article  176,  is  far-fetched  if  uot  logically  inaccurate,  wherein 
he  makes  nr  =  )\  after  assuming  r  =:  0,  and,  similarly,  nz  finite  after 
assuming  z  =  0,  although  his  final  result  is  correct ;  that  it  is  a  mere 
fortunate  coincidence  that  the  results  on  page  199  "agree  exactly  with 
experiment."  This  last  conclusion,  by  the  author,  is  remarkable,  in 
face  of  the  fact  that  experimental  results  are  always  more  or  less 
discordant.  The  fact  that  the  efficiency  of  a  turbine  is  near  the  maxi- 
mum for  quite  a  range  of  velocities,  doubtless  aided  in  this  remarkable 
verification  of  the  formulae. 

The  fact  that  equation  {i)  is  not  general,  might  be  inferred  from  the 
results  of  an  attempt  to  discuss  it.  Thus,  h^  being  constant  for  any 
particular  case,  v  must  vary  inversely  as  a,  and  would  be  a  maximum 
for  a  =  0,  in  which  case  the  wheel  would  be  at  rest ;  but  it  is  known 
that  the  resulting  value  for  v  is  not  only  erroneous,  but  that  the  general 
result  is  incorrect,  for  it  is  true  that  v  increases  with  a  up  to  a  certain 
limit.  Again,  a  would  be  a  maximum  for  y  =  0,  a  result  strikingly 
absurd.  It  is  hardly  necessary  to  examine  these  conditions  further,  but 
we  notice  the  fact  that  according  to  the  author's  equation  7  (page  195) 
for  parallel  flow  turbines,  the  head  due  to  the  velocity  of  the  water  at 
entrance  is  independent  of  the  velocity  of  the  wheel,  a  result  which 
would  also  be  very  absurd  had  he  not  previously  established  the  con- 
dition that  V  =  ar. 

The  following  is  all  the  analysis  necessary  for  finding  the  efficiency 
of  the  turbine  described  by  Rankine,  when  run  with  the  velocity 
V  =  ar.  The  moment  of  the  momentum  of  the  water  on  entering  the 
wheel  will  be 

and  this  will  be  the  entire  moment  of  the  momentum,  imparted  to  the 
wheel  since  there  will  be  no  final  velocity  of  whirl ;  and  the  work 
done  by  the  wheel  on  this  account,  per  second,  will  be 

Ma  =  mvra  =  mv^.  (k) 

The  total  energy  due  to  the  head  in  the  supply  chamber  will  be  the 
energy  imparted  to  the  wheel  plus  the  energy  lost  by  the  final  velocity 
of  flow.     The  value  of  the  latter  will  be 

hence  the  total  energy  due  to  the  head  will  be  the  sum  of  (k)  and  (Z),  or 
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It  will  1)0  idj-Miv*-*!  tliat  ill  tlii>  hrief  solution  no  reference  lias  liecn 
made  to  (XMjtrifuj^al  font*,  and  y<'t  the  sanie  nrsnit  ha**  l)e<*n  obtained 
as  hy  those  who  resolve  the  |irol)|cni  l>y  <»ther  nietho«is.  In  fa<'t,  in 
motors  receiving  their  pinver  from  tin*  energy  ot'  the  fluid  pa><sinj5 
tlirou;;li  them,  the  actual  cciitrifu;^al  force  i.s  S4'lf-neutrali/.«i|  ;  for  it  is 
enerjry  imparte<l  to  tin-  w.if<r  hy  tlie  wheel,  and  hence  primarily  at 
the  expens«' of  tin'  ciicrj^y  of  the  out fl< twin;;  jet  ;  hut  when  the  water 
which  luL'i  received  thi>  «'uerj^y  e><':ip<'>    it  will  impart  to  the  wIm-cI  the 

encrjry  which  it  has  thus  ae«piire<I.  Or, 
to  put  it  in  another  li^ht,  if  it  wert 
po-.sihie  for  the  outflowing  water  to  ini- 
part  this  incn>:ise<i  energy  to  the  water 
in  the  wiieel  an<l  at  the  sanu*  time  pre- 
vent it  from  imparling;  its  enerj;y  to  the 
wlu'cl,  the  wheel  could  not  do  a>  much 
work  a*  it  would  if  the  o-ntrifuj^al 
fone  wire  ncutnili/iHl.  Thus,  if  water 
*fl()W>  from  .1  t(»  J)  alon^  a  radial  arm  in  the  same  time  that  tiie  arm 
nitates  from  AB  to  AC\  the  actual  jiath  of  the  water  will  U'  stime 
eurve,  AF(\  lonjjer  than  A(\  and  heui-e  the  veloeity  impartial  to  the 
water  will  Ih'  ^;reatcr  than  if  its  \n\\\\  had  lH'<'n  AC'm  sjkuv  ;  hut  if 
the  watt'r  es<'ji|M'sj  in  the  direction  (7>,  n«»rmal  to  A(\  in  the  former 
aise  it  will  U'  defltvteil  through  the  ohtuse  angle  Ki^D,  while  in  the 
latter  it  will  Iw  dcfl«>cte<l  through  a  riirht  an^le.  (icnerally,  the  ^r»-:iier 
the  an^le  of  <letle<-tion  of  a  jet  (Ic^ns  than  ISO"),  the  ji;n'aler  the  pres- 
sure exertisi  in  the  op|H>site  dire<'tion  ;  hentv  the  stream  whos**  actual 
|)ath  is  ,1 1-( '  will  exert  a  i^mitcr  pn'ssure  on  the  arm  at  ('  in  the  direc- 
tion JH\  than  if  the  path  were  .4<'in  sjkuv;  thus  comj)en?<»tin^  fi»r 
the  energy  ex|)ended  in  pnxhieing  an  inertusc*!  enerjj^v.  This  view  of 
tlie  case  may  nMnove  a  diflieulty  sometimes  met  with  in  the  c«)ni)Kirm- 
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tive  study  of  Barker's  mill  and  the  Whitelaw  (and  Scottish)  turbine. 
In  the  former  the  water  is  carried  around  in  the  arms,  while  in  the 
latter  the  water  may  be,  (comparatively,  at  rest  in  the  body  of  the 
wheel  in  reference  to  the  earth.  The  greater  efficiency  of  the  latter  is 
due  chiefly  to  the  reduction  of  friction  and  of  whirls  in  the  wheel,  and 
not  to  the  difference  in  the  actual  centrifugal  force  of  the  water. 

These  motors  may  all  be  analyzed  by  means  of  the  principles  of 
energy,  and  without  involving  the  idea  of  centrifugal  force,  and  the 
true  action  of  the  water  may,  in  some  cases,  be  more  clearly  seen  by 
this  mode  of  treatment ;  while,  on  the  other  hand,  every  change  of 
direction  of  a  moving  body  may  be  considered  as  the  result  of  a  cen- 
tripetal action  on  the  body,  the  equal  opposite  of  which  is  centrifugal. 
But  either  of  these  modes  of  disposing  of  the  principle  offers  no  expla- 
nation of  its  use  as  employed  by  the  most  eminent  writers.  On  page 
195  of  Rankine's  work,  above  referred  to,  is  the  expression,  "to  bal- 
ance centrifugal  force,  the  head 

and  Wiesbach  and  many  other  authors  give  the  same  analytical  expres- 
sion for  the  effect  of  the  centrifugal  action.  But  the  correctness  of  this 
expression  has  been  called  in  question  by  different  writers,  chiefly  on 
the  ground  that  the  water  flowing  through  the  curved  passages  of  the 
wheel  does  not  have  the  angular  velocity  of  the  wheel,  as  may  be  seen 
by  articles  in  the  last  August  number  of  this  journal,  page  92,  and 
also  in  the  September  and  December  numbers. 

We,  therefore,  first  of  all  examine  its 
correctness.  The  principle  to  be  considered 
may  be  stated  thus  : 

A  particle,  mass  m,  in  a  tube  has  an  ini- 
tial velocity  Cj  along  the  axis  of  the  tube, 
while  the  tube  rotates  with  a  uniform  angu- 
lar velocity ;  requh^ed  the  subsequent  velocity 
of  the  'particle. 

Let  CAMB  be  the  tube  rotating  about  a 
vertical  axis  through  C,  and  at  any  instant,  Fig.  3. 

t,  let  the  particle  be  at  M ;  A  the  initial  position  when  the  particle  has 
an  initial  velocity,  Cj,  relatively  to  the  tube,  and  B  the  terminal  position 
where  the  velocity  is  c.^  also  relatively  to  the  tube.     Also  let 

CO  =  the  angular  velocity  of  the  tube  about  C, 
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r,  =  C'Af  r,  =:  CB,  (j  =  CM,  h  =  any  portion  <»f  tlic  arc  AJJ/J, 
fLi  =  MO,  dp  =  NO,  r,  ^  the  circular  velocity  of  the  dibc  ai  A  = 
r^w,  I'j  =  the  circular  velocity  at  B  =  lyu. 

To  find  the  law  of  the  force  actin^j  on  the  ])article  conceive,  at  first, 
that  the  particle  is  held  at  M  so  as  to  l>c  at  n-st  relatively  to  the  tul>e 
while  rotating  with  the  tuln- ;  there  will  U-  an  outward  pull  on  the 
axis  C'due  to  the  centrifugal  force  of  the  particle,  the  expression  for 
which  is 

If  the  restraining  force  be  withdrawn,  that  c<»ini»onent  of  the  cen- 
trifugal force  jKirallel  to  the  tangent  of  the  tulie  at  that  jH.int,  will  pro- 
duce motion  along  the  tulx',  while  the  component  normal  to  t\u-  tul>e 
will  simply  produce  a  pressure  agjiinst  the  side  of  the  tulje.  Let  MQ 
=  <f,  draw  MP  jHTpendicular  to  the  tangent  I>}f,  and  QP  pandlel  to 
it,  J/iV  pei|Mii(li(iil:ir  fu  tlif  r.idiii-  vector  CO,  and  let  (^MP  =  0  = 
NMO,  then 

I'(^  _  (f  sin.  0, 

and,  according  t«»  Newton's  second  law,  we  have 

m  — ^  =  m  (W  ft  sin.  v.  (m) 

But  iVom  the  figure,  ulthnaidy, 

ds  sin.  d  =  do, 

which,  niultiplie<l  by  the  preceding  equation,  member  by  member,  and 
etpial  factors  canceletl,  gives 

:iii(l  iiitegniting. 


as  as  .     . 


d?  \c[  = '"  -'  J .;  (") 


or  0/  -  c.«  =  CO'  (r,»  -  r,«)  =  r,'  -  v,' ;  (o) 

»'stS  h  nt  V  —  hm  c,»  =  hn  (r,»  —  v^'}.  (p) 

The  left  memUr  of  the  last  e<juation  is  the  energy  gainwl  or  lost, 
rchtiively  to  the  /»<*<',  there  iM'ing  a  gj»in  in  moving  awav  from  the 
centre,  and  a  loss  when  njoving  towards  it.     Ilenw 

The  energy  gained  or  lost,  uel.\tively  to  the  TIBE,  by  a  particle 
movinfj  in  a  tuhe  rofatint/  utiijnrmii/  about  n  trrtical  axis,  the  change  of 
veKx'ity  of  the  jmrticle  being  due  solely  to  the  pressure  of  the  tcalU  of 
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the  tube  against  the  particle,  equals  one-half  the  mass  of  the  particle 
info  the  difference  of  the  squares  of  the  circular  velocities  of  the  tube  at 
the  initial  and  terininal  points  of  the  path  of  the  particle.     Also, 

The  RELATIVE  ENERGY  gained  or  lost  is  independent  of  the  form  of 
the  path,  and  dependent  only  npon  the  radii  vectores  of  the  initial  and 
terminal  points,  and  the  angular  velocity  of  the  tube.     Hence,  also, 

The  ACTUAL  ENERGY,  or  energy  in  reference  to  some  object  considered 
fixed,  as  the  earth,  will  depend  not  only  upon  the  velocity  relatively 
TO  the  tube,  but  also  upon  the  direction  of  the  tube  in  reference  to  the 
radius  vector  at  that  point,  and  the  actual  velocity  of  the  tube  at  that 
point. 

The  first  of  these  inferences  is  similar  to  that  of  the  energy  gained 
by  a  body  descending  under  the  action  of  gravity  from  one  level  to 
another  along  a  fixed  path,  where  the  change  of  energy  is  dependent 
only  upon  the  difference  of  heights. 

The  second  inference  is  only  another  wording  of  the  former,  in 
which  the  energy  gained  is  independent  of  the  path. 

The  third  inference  is  similar  to  that  of  a  body  descending  along  a 
path  in  motion,  where  the  actual  energy  is  dependent  upon  both  the 
relative  velocity  along  the  path  and  of  the  path  itself. 

The  equation  of  the  path  of  the  particle  in  space  will  depend  upon 
the  equation  of  the  tube  relatively  to  the  rotating  disc,  as  wAl  as  upon 
the  motion  along  the  tube.  If  the  particle  be  at  J/ and  in  an  element 
of  time,  dt,  it  moves  along  the  path  to 
O,  the  result  will  be  the  same  as  if  it 
moved  from  iHf  to  N  in  a  circular  arc, 
and  thence  to  0  along  the  radius  vector 
CO.  The  tube  having  a  rotary  motion, 
assume  that  the  point  M  is  carried  for- 
\Aard  in  a  circular  arc  to  A  in  an  ele- 
ment of  time,  a  distance  =  fxodt,  where 
p  =  CM;  then  will  the  final  position 
be  the  same  as  if  it  moved  from  M  to 
A,  thence  from  A  to  B,  the  distance 

AB  =  MN,  thence  from  B  to  D  along  the  radius  vector  CD,  a  dis- 
tance BD  =  NO.  Let  f{j>,[-i)  =  0,  be  the  equation  of  tiie  curve  MO 
relatively  to  the  rotating  disc;  F{r,<f)  =  0,  the  equation  of  the  path 
MD  relatively  to  the  earth;  then  will  MCO  =  d^,  I)C3I  =  d(p, 
rdf  =  MB,  MN  =  f^djS ;  and 


Fig.  4. 
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rdif  =  f»iudt  —  (tdfi,  { 1 ) 

r  =  //,  Hi  nee  CO  =  CD,  (2) 

.'.dr  =  df,,  (3) 

from  theory  of  curves,     dt<'  =  fj^d,^  +  dp',  (4) 

fnitii  CHj.  (»),  diT  =  oi'  {fr  —  r,-  +  r*)  dP,  (6) 

wlu-rt!  r,  a[i<l  oj^<",'  an-  tlic  ndistaiits  (»f  iiit<*^nili<n)  ntrroiHtndJDjr  to  r, 
and  '■,  ill  r<jiiati<»ii  (o).  Tli('S4'  niuatioiis  <>()niliii)e<]  with  the  f<jiiati»ni 
of  ihf  (Uivc  of  thi'  tulx',  / {p,ti)  =  0,  will,  hy  elimination,  give 

f  =S^'{r)dr, 

which   integrateil  will  jjive  the  require*!   lo<*u««.      If  tlu*  tulie  l>e  nulial, 

we  iiave  ,-i   ---  0,  and  e(|iiationH  (4)  and  {}\)  givt* 

dn  =  dft  =  dr, 
which  coiahiiud  with  (Hjuation  (5)  gives 

J»  dr 

l/r«  -  r*  -f  c,» 


-  [  ^-^^.^-^"1 


'•i  +  c, 
since  <  =  0  for  r  =  r,.     Transforming, 

which   is   the  rtH|uire<l  equation.      If  r,  and  <\  are  both  zen),  r  will  l)e 
zero  for  all  values  of  ^ 

The  exact  j)afh,  however,  is  ut"  little  iiiijxirtance  <x)m|>are<l  with  the 
relative  directions  of  entering  and  (jnittini;  tlu*  wheel. 

The  change  in  the  actual  energy*  of  the  imrticle  de|HMid.s  u|)on  the 
initial  and  terminal  actual  vehn-ities.  Thus  if  it,  Ik-  the  initial  artuat 
vehK-ity  and  w^  the  terminal  nrfiinf  vilxifv ,  rh<  ii  will  t|i..  ehange  in 
actual  energy  be 

Jm  (ir,-  —  tc,-).  (7) 

It  appears  from  e<]uation  (o)  that  the  angular  veUxrity  of  the  par- 
ticle is  not  involved  in  the  change  of  niafir*'  energv  ;  hentv,  this  cfl'tct 
will  U"  the  sune  wlnlher  the  p:uh  U-  stniight  ami  radial  fmm  r,  to  r^ 
or  straight  ami  inclined  iMtwet-n  thoc<e  iMint.**,  or  a  spiral  {tassing  sev- 
eral times  arouiul  the  tvnlre   l>etween   cireuraferenees  whose  radii   are 
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Tj  and  i\^ ;  or  finally,  if  it  passes  without  and  within  those  circumfer- 
ences having  only  their  initial  and  terminal  points  at  distances  7\  and 
3*2  from  the  axis. 

Therefore,  Mr.  Frizell,  in  the  last  August  number  of  this  Jouenal, 
page  94,  erred  when  he  said  "  o?  represents  the  angular  velocity  of  the 
body  J/,"  for  it  represents  the  angular  velocity  of  the  disc  or  tube; 
but  is  correct  in  saying  "This  movement  is  partly  angular  and  partly 
radial.  The  angular  element  of  this  motion  must  be  added  to  or  sub- 
tracted from  the  angular  motion  of  the  disc  to  find  the  true  angular 
velocity  of  the  body  31  on  which  the  centrifugal  force  depends."  But 
he  errs  in  assuming,  as  the  close  of  the  last  extract  seems  to  imply, 
that  "the  centrifugal  force"  is  sought;  when,  in  fact,  it  is  the  energy 
gained  or  lost  relatively  to  the  tube  due  to  the  action  of  the  tube  on  the 
body,  and  not  even  the  actual  energy. 

The  distinction  between  force,  relative  energy,  and  actual  energy, 
should  be  kept  in  mind.  He  also  errs,  if  we  understand  him  correctly, 
in  assuming  (p.  95)  that  "the  above  expressions  would  be  true  if  the 
body  M  had  merely  a  radial  movement  on  the  revolving  disc,"  for 
here,  as  in  other  cases,  equation  (o)  applies  only  to  the  motion  along 
and  relatively  to  the  patli,  and  hence,  in  this  case,  to  the  radial  velocity. 
Thus,  to  illustrate,  take  a  more  simple  case,  that  of  a  particle  starting 
at  the  axis  with  no  finite  initial  velocity  and  moving  along  a  radial 
arm,  then  equation  (o)  gives 

which  is  the  radial  velocity  with  which  the  body  will  quit  the  tube ; 
but  since  it  also  has  the  circular  velocity  v.^  the  actual  velocity  with 
which  it  quits  the  arm,  will  be 

Referring  now  to  the  works  quoted  by  Mr.  Frizell,  "  Weisbach, 
*  Hydraulics  and  Hydraulic  Motors,'  by  Prof.  Dubois,  introduction, 
page  xliii "  (quoted  also,  J.  F.  I.,  p.  94),  the  author  errs  where  he 
states,  "If,  then,  a  body  moves  in  a  rigid  path  or  groove,  which 
revolves  about  a  fixed  axis,  the  vis  viva  of  the  body  is  increased  or 
diminished  by  the  product  of  the  mass  and  the  difference  of  the  squares 
of  the  velocities  {v.^^  and  v^-),"  etc. ;  unless  it  be  understood  that  the  vis 
viva  referred  to  is  that  relatively  to  the  tube.  The  relative  energy  may 
be  increasing  while  the  actual  energy  is  decreasing. 
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The  satne  author  errs,  jmj;e  xliv,  where  lie  .ntau-s,  **  The  work  whidi 
the  IxxJy  i«  capaM*-  of  |>eri'oriniiig  Ijefore  coining  to  n>t  Is 

for  this  is  neither  the  actual  nor  the  n-Iative  ener^jy  of  the  \nn\y  ;  l»ut 
«irn|>Iy  th<-  rchitive  energy  ^linnl  or  hist,  the  (iestnietion  <tf  which 
would  sidijilv  n-stoH'  the  rrlativ*-  initial  ener^v.  The  ex|»re<"*ion  In-jirs 
no  known  relation  to  the  actual  enerj;y  ;  an«J,  hen<v,  the  text  apiKars 
to  establiHh  the  corn'ct  etjuation  upon    an  erronooiw  hanxB. 

In  the  '*  Mechanics  of  F'nj^ineerin^,"  f'oxe's  translation,  the  author 
a|)|)«!ars  to  err,  pap'  <)11,  when-  he  sUites,  "We  have  tlie  centrifu^i 
force  of  the  body 

unless  the  author  means  that  ut  is  the  angular  velocity  of  the  particle, 
which  is  nowhere  stateil.  hut,  on  the  contnirv,  it  is  state<I  in  the  nota- 
tion of  that  author  that  "  o)  \>  the  aiiL'nlar  vtliM'itv  of  the  top."  nie-.ui- 
ing  tube,  Its  we  are  using  it. 

The  expressi»»n,  however,  may  U-  .m»  explaiuitl  ii."  to  l>e  «"«)nsisteut. 
The  object  of  the  analysis  is  to  find  the  vel(K"ity  relatively  to  the  <ii.sc. 
Act-onling  to  the  princij)le  of  D'.Memlxrt  the  force  which  accelerate* 
a  IxhIv's  motion  is  exactly  •npial  but  o|>|M>-.ite  to  that  which  would 
maintain  etjuilibrium,  and  is  such  that  if  the  IkmIv  Im?  at  n-st,  the  eipial 
opposite  force  would  prevent  motion.  A  particle  will  In-  at  n-st  rela- 
ti\  ely  to  a  uniformly  rotating  din-  if  it  have  the  .s;une  cinular  velm-itv 
as  the  disc  and  about  the  s:une  axis,  and  is  als«:)  acte<i  u|>on  bv  a  <tin- 
stant  fonv  directe<l  towards  the  centre  of  m4»tion  just  surticient  to  k»H»p 
it  in  a  circular  arc.  The  uniform  angtdar  vel(»city  will  l>e  maintaini>d 
with  no  ex|H'nditure  of  force,  and  the  latter  n>n«lition  mav  Ih?  sccunxl 
by  a  string  attache<l  to  the  IxkIv  and  the  axis  of  n)tation,  the  tension 
of  which  will  (Hpial  the  centrifug:d  fortx*  of  the  IxmIv,  Murz.  This  is 
the  centripetal  force  of  the  string  u|)on  th  •  Ixxly,  and  (Xjuals  the  (vntri- 
fugal  force  of  the  body  u|M)n  the  axis  of  rotation.  If,  now.  motion  is 
to  be  along  a  tixe«l  tuU-  on  the  disc,  resolve  the  o'ntrijH'tal  fon^ 
(a.Hsuming  that  the  motion  is  to  U-  away  from  the  ivntrt')  normallv 
and  tangentially  to  the  path  ;  thes**  ci»m|>onents,  sul>^tituti^l  for  the 
string,  will  also  k«vp  the  |>:irti«'le  at  n-st  rrlaiirrltf  to  thr  tube.  The 
normal  con)|>onent,  though  it  exists  after  the  string  is  sever^Yl,  can 
j»ro(huv  no  motion  rrlatirrltf  to  thr  tubt ;  hut  the  tangential  c>«)m|x>nent. 
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after  the  string  is  severed,  will  produce  motion  along  the  tube,  the 
circumstances  of  which  may  be  determined  by  Newton's  second  law. 
Weisbach,  however,  determines  the  velocity  according  to  the  princi- 
ples of  energy.  Thus,  if  Mco^z  be  the  force  in  the  direction  of  the 
radius  2,  the  energy  produced  by  working  from  radius  r^  to  r^  will  be 

Mio-"  r^  zdz  =  -  3Ico'  (r/—  r,')  =  1  M{vi  —  v,'). 

That  author  also  errs,  page  612,  where  he  states  that  "The  energy 
stored  by  the  body  in  describing  the  path  AMB,  supposing  no  other 
force  to  act  upon  the  body  will  be/'  our  equation  (r);  unless  it  is 
understood  to  mean  energy  relative  to  the  tube.  This  is  the  more 
worthy  of  note,  because  the  language  is  substantially  the  same  as 
that  given  at  the  bottom  of  the  same  page,  although  the  latter  neces- 
sarily refers  to  actual  energy. 

These  views  and  references  are  all  in  accordance  with  those  given, 
possibly  first,  by  M.  Poncelet  in  his  historic  solution  of  the  Fourneyron 
turbine  {Comptes  Rendus,  1838,  p.  269),  where  he  says  "The  equation 
of  the  relative  movement  in  the  interior  of  the  wheel,  having  regard  to 
the  action  of  the  centrifugal  force  which  develops,  per  second,  a  quan- 
tity of  work 

where  Ui  is  the  velocity  of  the  inner  rim  and  v  that  of  the  outer  rim ; 
which  expression  is  the  same  in  value  as  that  given  by  Rankine.  It  is 
well  to  note  that  this  author  correctly  refers  to  the  relative  movement, 
and  to  the  work  done,  and  not  merely  to  "balance  centrifugal  force" 
as  Rankine,  though  with  questionable  accuracy,  has  stated.  Rankine's 
expression  is,  at  best,  merely  suggestive  of  the  source  of  the  analysis, 
but  not  descriptive  of  it. 

If  a  single  particle  passed  through  a  tube  free  to  rotate,  doing 
no  external  work,  the  angular  velocity  of  the  tube  might,  and  gene- 
rally would,  constantly  vary ;  for  while  the  energy  of  the  particle  was 
being  imparted  to  the  tube,  the  velocity  of  the  latter  wouhl  increase, 
and  vice  versa.  If  there  be  a  continuous  flow  of  particles,  work  may 
be  done  at  a  constant  rate,  and  thus  the  condition  of  those  turbines  in 
which  the  water  enters  and  flows  as  a  free  jet,  be  realized.  In  turbines 
of  the  Fourneyron  type  there  is  usually  a  pressure,  either  positive  or 
negative,  at  the  inner  rim  of  the  wheel. 

In  the  wheel  discussed  by  Rankine  the  effect  of  reversing  the  direc- 
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tioii  of  fl«)\v  (tf  \vat<  r  rplatively  to  the  van'.*  may  Ijc  found  by  c^nisuler- 
ii)^  tin-  initial  iir<ular  vchn-ity  uh  c  uii<i  tin*  tiriijiual  a-*  zoro,  tli«n  will 
the  entire  energy  lost  to  the  water  ami  iin|Kirt.^l  t..  tin-  wlm-l  fVoin  iliin 
c-autte  be 

which  i.s  at  fnwe  the  sum  of  the  lieiuls  <liie  to  the  centrifuj^al  action  and 
nvcPM-Hl  relative  vel<Kity  of  flow,  as  jjiven  by  our  author,  jMipe  H'5, 
when  V  =  ar  as  it  should  in  his  analysis;  and  thisadd<-<l  to  the  kinetic 
energy  of  tl>e  wat«'r  Howin;jj  into  tiic  wheel,  which  w  imr*,  j^ivt«  mr^.  a* 
before. 

Or,  in  aeconhmce  with  a  better  philosophy,  thi-  wIm-^I,  nin  at  thi.s 
^jKH-'d,  may  Ix;  analy/ANJ  by  conHiderinj:;  that  the  rndial  flow  jMUs-'-es 
dinn-ily  throu;;h  the  wheel  and  its  enerjjy  lost,  while  the  tan^i-nlial 
vel<H.'ity  (or  vehK'ity  of  whirl)  is  ^nidually  and  ftdly  <lj>itroy»."d  in  the 
wheel  ;  it^  entire  energy  having  l)ecn  impairte<l  to  the  wheel,  and  hence 
the  C4ise  is  similar  to  that  of  a  jet  flowing  tangentially  into  a  hemi- 
sphericjil  van<'  moving  in  the  s:ime  dire<'tion  ais  the  j«'t  with  one-half 
its  veltM'ity ;  in  whith  c:L>^e  the  prexsun-  agjiinst  the  van*-  in  the  direi- 
tjoii  of  motion  is  known  to  Im-  mv\  h«.*net'  in  the  wheel  the  work  jht 
Bccontl  will  Ih" 

mr.iut  =  HH**' 
as  iK'fore. 

It  is  infen'sting  to  trace  the  vehn-ities  of  the  water  in  the  wheel. 
The  initial  vel<Mity  along  the  vane  will  Ik' 

t'  tan.  a, 
and  the  terminal  vehnity 

NT  sec.  ,i; 

heiKv,  by  the  aid  of  etpiutiun  (o),  we  have 

tie  sec.  ,9  ^ 
'—  =coHcc.  fi ; 

r  tan.  a 

heiuv  the  veltK'ity  rf/ativrli/  to  t/n-  ranr  at  exit  will  l>c  txisec.  ^9  tinH-!* 
that  at  entnuuv;  and,  practiadly,  may  I k',  say,  3,  4,  or  o  times  that 
velocity;  but  rvliUirrly  to  tlif  mrih  it  will,  at  entramv,  beoan)p:irativ«  ly 
gn^ater  and  ipiit  with  a  nuich  smaller  one. 

This,  hiiwrver,  is  not  the  cast>  with  all  turbines;  tor  if  the  water 
enters  the  wheel  as  a  fixH?  jet  it  will  pjvss  along  the  vane  with  a  uniform 
veliKity  rclalicrJif  to  thf  nine,  and  heuir  the  radial  velocity,  or  veKx-itr 
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Fig.  5. 


of  flow,  will  be  variable,  being  greatest  where  the  tangent  to  the  curve 
of  the  vane  coincides  with  the  radius  of  the  wheel  at  that  point,  and 
diminishing  beyond.  In  this  case  the  cross  section  of  the  stream  must 
be  uniform,  and  the  velocity  with  which  the  water  issues  from  the 
gates  will  be  that  due  the  total  head.  The  velocity  of  the  wheel  and 
the  conditions  for  maximum  efficiency  for  this  cfise  may  easily  be  shown 
graphically.  Thus,  let  FE,  tangent  to  the 
guide  plate  CJE,  represent  the  velocity  with 
which  the  water  issues  into  the  wheel  at  jG". 
Let  AE  represent  the  velocity  of  the  inner 
rim  of  the  wheel,  and  joining  A  and  F, 
FA  will  represent  the  velocity  in  magni- 
tude and  direction  of  the  M'ater  relatively  to 
the  float  EGH,  and  hence  the  first  element 
of  the  float,  or  that  at  E  should  have  the 
direction  of  FA  when  correctly  found.  The 
water  will  pass  around  the  curve  EGH 
with  a  uniform  velocity  of  FA  relatively  to 
the  float,  the  passages  having  a  uniform  cross  section,  and  quit  the 
wheel  with  the  relative  velocity  HI  =  FA.  The  velocity  of  the  outer 
rim  will  be 

JH=n.AE, 

where  n  is  the  ratio  of  the  second  radius  to  that  of  the  first ;  and  hence 
JI  will  be  the  actual  velocity  with  which  the  water  quits  the  wheel. 
If  JI,  as  thus  found,  be  parallel  to  the  radius  of  the  wheel  DH,  pass- 
ing through  H,  the  best  conditions  Avill  have  been  secured;  but  other- 
wise, assume  a  new  value  for  AE  and  repeat  the  operation  until  JI 
has  the  required  direction ;  then  will  the  resulting  direction  of  FA  be 
the  proper  direction  of  the  first  element  of  the  float  EG,  and  AE  the 
velocity  of  the  inner  rim  of  the  wheel  for  best  effect,  and  JI  the  velocity 
lost.     The  efficiency  will  be 

FE^  —  JP 
FE~' 

But  this  analysis  is  applicable  only  when  the  relative  velocity  along 
the  vane  is  uniform.  To  secure  this  velocity  and  at  the  same  time  have 
the  wheel  passages  full,  the  depth  must  vary  from  E  to  H  inversely  as 
the  normal  width  between  the  consecutive  vanes,  making  the  developed 
vertical  section  of  a  vane  similar  to  Fig.  6;  which  form  is  similar  to 
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IV)vdon'H  (liffu.Hor,  thonj^li  the  functions  of  the  two  are  (jiiltc  <liffcrent. 
Thip  illustrates  why  Ilankine  rfwtrirted  hih  analysis  to  the  case  of  full 
wheel-passajjes;  for  otlier\vi.s<'  the  a<tion  woiihl  have  Ikh'h  that  of  a  free 
jet  iti.>tea«l  of  a  stn-jun  so  <-onfitie«l  its  to  have  a  unifonn  racial  vfiiK-ity. 
That  tin-  •lire^'tion  of  flow  of  the  water  at  exit  shouM  lie  radial  for 
lK>st  effect,  re^mlless  f)f  the  constniction  of  the  wheel,  may  ea-ily  I* 
shown.       AifKidiiitr  f(»    (-(iiiatiiiii  dn  ir^  ■.Jioiild    In-   :l~  -tiKill  :l-    Jxr^-ihle. 

II 


Fkj.  •; 


Vui. 


lyet  AC=  r^  =  i\u'  vcjiKity  of  exit  relatively  to  the  vane  AG,  AB 
=  t',,  the  velocity  of  the  wheel  relatively  to  the  cairth.  Take  A('=c^, 
and  CD,  parallel  to  A  B  =  r,  and  j<»in  A  and  I> ;  then  will  ,1 1)  in  ina^ii- 
tiide  and  dinntion  represent  the  actual  velocity  of  di.scharge  =  it,;  and 

IT,'  =  c,'  -f  r,'  -f  c,rj  COS.  CA  B. 

Considering  CAB  and  <\  or  r,  as  constant,  we  (ind  ^r,  a  rnininnim 
for  r,  =  (\  COS.  C;  whi<h  makes  AI)  jMr|>endiruIar  to  <'I)  or  \o  A  B  ; 
one  of  the  couilitions  Jtsnigne*!  by  Kankitie.  If  now  (\\B  Im-  the  vari- 
able, ;r,  will  l)t>  zero  for  (\\B  =  IMU^,  in  which  case  c^  will  be  wjiml 
and  opposite  to  r,. 

March  'JO,  1884. 


Polynesian  Hieroglyphs. — AMh' .1.  Hun<l  has  pul)li.she<l  a  litho- 
graphii-  rcprtMluction  of  a  photogr.iph.  whic-h  wa«*  maiie,  umler  the 
dir(vtion  of  the  Archbishop  of  Tahiti,  tVon»  a  hierojrlyphic  tablet. 
The  original  was  given  to  Father  /umUthm,  on  Raster  Island,  or.  a.s 
the  natives  cidl  it,  I^{mnui.  The  chanuiere  are  engraveii  on  a  pi«>oe 
of  w(mk1,  aUtut  3')  ceiihmetrt^  lonir  and.  .'iO  wide  (l.'V78  >,  1181 
inches),  by  nuuns  of  sharj)  st(»n«^-.  .*^»me  of  them  present  resemblances 
to  fislu^,  binls,  men,  and  animals^  while  others  seem  to  l>e  merely  fan- 
ciful. The  rcjM'tition  of  similar  cli:ira«'ters.  and  the  onlerlv 
ment,  are  su<'h  as  to  indic:ite  an  alpliaUtic  meaning. —  Ia- 
Mareh  15,  1H84.  C. 
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THE  ELLIPTICITY  OF  PLANETS. 


By  L.  d'Auria. 


Admitting  that  planets  were  originally  in  a  fluid  state,  however 
heterogeneous  their  respective  masses  may  be  considered,  their  form  of 
equilibrium  when  fluid,  must  have  been  such  that  the  direction  of  the 
resultant  of  all  the  forces  acting  upon  any  point  of  the  free  surface 
must  have  been  normal  to  the  surface  itself.  Now,  the  form  of  equi- 
librium of  any  fluid  mass  when  at  rest  is  the  sphere,  and  when  any 
fluid  sphere  is  made  to  revolve  around  any  one  of  its  diameters,  it 
becomes  more  or  less  flattened  on  its  axis  of  rotation  on  account  of 
centrifugal  force.  This  causes  the  sphere  to  become  an  oblate  ellipsoid, 
whose  minor  diameter  coincides  with  the  axis  of  rotation  itself;  and, 
therefore,  the  equation  of  any  meridian  line  on  the  surface  of  any  fluid 
mass  revolving  around  an  axis  of  inertia  can  be  expressed  by 

Differentiating  this  equation  we  have 

dy xb^ 

dx  yo? 

and  observing  that  the  first  member  represents  the  cotangent  of  the 


/^, 


latitude  ^  of  a  point  M,  whose  co-ordinates  are  x  and  y  (Fig.  1),  and 
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tliat  "^  n|)rfH«'nts    tli<-  rotaiipiit  of  the  latitii<Ie  0  i»f  the   ^ame   point 

y 

referre<l  to  tho  («ntre  of  the  <lli|i<mi(l ;  we  have 

l/i  =  _  ^'    coft.  d  , 


Hill. 


where  r*  = 

a' 


11  _eo^.'«ir,2  —  r^i 


( )ii  the  other  h:iinl.  !•  i  .1//^  represent  the  tlirection  and  the  intenftity 
of*  the  iittnietioii  of  the  wh<>li' <  llip-.oi«|  ti|>on  the  |M)iiit  M,  whii-h  attrac- 
tion we  ile-si^iiate  I))//;  :iiiii  |>iit  .)/()  —  y  ;  aiijjh'  ML'K  ^=  t^^  ;  angular 
veltK'ity  =  to.  Then,  the  resultant  of  the  attracti(»n  7,  aii«l  tlie  <t?n- 
trifiipil  fonv  at  M,  iiiiiMt  coincide  with  tlie  normal  MS,  for  wnlrifugal 
force  is  panilh'l  to  KE;  and  since  thi**  hitter  fonv  Is  expre»Mxl  by 
tu^ft  vits.  (f^,  we  have  for  the  resuhant  itM'lf, 

f=r;      (l_cn..«^  -Wo  _-".")  , 

and.  therefore, 

sin.  y  :  sin,  0^  =  g:g  ^11  —  cos.'#,  -  '     I  2  —         )  J 

eio.  9. 
8IU.  ip  ^  =^ — i         

l'onii>aring  this  vahie  «»f  sin.  y  with  the  pnve«lin^  one,  we  fiiul 

^(2  -  o  =  tg.  0  .-otg.  tf.  "^ '"  (2  - '"'" )  +  :!!L!?«-=L''J5i*' . 

7    \  7  /         8iii.'<^,  C08.V 

When  f^alu^  ^,  iKfonic  equal  to  each  other,  that  i-*,  when  tlie  point 
M  is  mnsitlertHi  very  n«  ar  to  the  etjiiator  of  the  ellipsoid,  then 
sin.V/, — siii.-^  .      ii      .      41  1 

—  •   »/i       j/i    =  " '  ^^-  ^  '^^^^-  ^1  =  >:/»  =  « ; 
8in/9,  co&,o 

and 


r«(2 -<«)  =  "''"  (2-'"!'i\: 
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I 

Since  the  ellipticity  is  expressed  by  e  =  ;  we  have 

a 

It  —  e^  = ;  [a] 

9 
and  neglecting  e^,  we  have,  approximately, 

to^a 

^9 
Now  in  the  case  of  our  planet, 

2k 


86184 


a  =  6377278  meters;  ^  =  9  meters  81462; 


(including  centrifugal  force).     Hence, 

^     1 
^"~  578* 

This  value  is  entirely  too  small  compared  with  -g-^Q^  as  deduced  from 
geodetical  measurement  of  arcs  of  meridians  and  parallels ;  but  the  dis- 
crepancy cannot  be  ascribed  to  incorrectness  of  equation  [a],  since  the 
latter  has  been  deduced  from  a  well  established  mathematical  principle. 
It  may  be  due  partly  to  the  fact  that  since  the  time  the  earth  became 
compact  enough  to  retain  its  form,  its  volume  has  been  considerably 
contracted  uniformly  all  around,  which  evidently  increases  its  ellip- 
ticity ;  and  partly  to  a  retardation  of  the  earth's  axial  rotation  since 
that  time,  which  also  increases  the  value  of  £,  by  increasing  co,  in  equa- 
tion [a].  Both  these  causes,  however,  are  based  upon  the  assumption 
that  our  planet  must  have  lost  its  fluidity  long  ago,  although  in  its 
interior  it  may  be  yet  intensely  hot ;  and  since  there  'S  no  other  way 
to  account  for  the  discrepancy  in  question,  we  nmst  recognize  in  this 
an  excellent  confirmation  of  the  opinion  lately  advanced  by  Sir  Wil- 
liam Thomson  on  the  constitution  of  the  earth  as  regards  the  observed 
phenomena  of  precession,  nutation,  and  tides. 

That  the  earth's  axial  rotation  is  subject  to  a  certain  retardation, 
has  been  almost  evidently  shown  by  astronomers  in  order  to  account 
for  the  apparent  acceleration  in  the  moon's  orbital  motion ;  and  such 
retardation  has  been  estimated  at  about  ten  seconds  in  a  century. 

The  ellipticity  of  the  planet  Jupiter,  computed  approximately  after 

the  formula 

co^a 

'  ~  "27  ' 
is  found  to  be  ■^,  while,  according  to  observations,  it  should  be  about 
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Aj.  TIk-  (liMT»'|Miiicv  lirre,  which  is  diu-  to  th<'  sum-  <-aij-*->  alwive 
exphiiiHMl,  i>  miirh  h-s."  than  in  the  <a><'  «»f  th*-  ejirtli,  an<i  thi.-  •»«-<Mn.H  to 
show  tl»at  if  at  prcHt-iit  the  planet  .Inpit«r  i^  not  iH^rlw-tly  Hui*!  thnjujfh- 
(iiit,  it  is  vielilinj^  enough  to  oUy  in  a  ••••rtain  inwf<ure  the  font-j* 
which  tend  to  (JetTeiiM.'  its  ellipticity,  u  concUt'^ion  which  i.-<  in  j»«'rt"e<-t 
accordance  with  tiie  olj(«c'rvf<l  |ihyHicuI  conditions  ol*  thi.*«  planet,  and 
otherwise  j^^ives  Mtrehjfth  to  our  assMin|>tion>. 


TO  CHK'AOO   IN    I.KillTKKN   HoriiS. 


JJy   RoHKItT  (iUIMSHAW,  M.   K. 
[Read  at  the  HtAtiMl  Mci'tliiRor  the  Kkanki.im  I.nhtititk.  AprH,  IWI.] 


I  have  the  honor  this  evening  to  suhtnit  to  the  Franklin  Institute 
the  outlines  of  a  iNtld,  hut  feiusible  project  for  making  the  regular  run 
Ix'tween  New  York  or  Philadelphia  and  ('hiixigo,  in  eighte<n  houix, 
with  comfort,  siifely,  and  che:ipnc-ss.  At  present,  the  tran.-it  «Kvupiw* 
from  27  to  37  hours,  acconling  to  the  route  and  the  chanu'ter  of  the 
tndn. 

To  accomplish  the  d(Nire«l  nsnlt,  ne<'e:v-itate>  chan)^'>  m  «  n^^iiie, 
train,  metluKl,  and  jM'rmanent  way. 

Naturally,  the  limits  of  this  pa|>er  do  not  {RTmit  me  to  reheitrse  all 
the  details  of  the  proposinl  >4'h-«'tions  and  innovations;  hut  the  mop«l 
iiii|)ortant  of  tlii-m  will  In.'  outline<l,  as  a  hiL'^i-'  for  dis4>(Lssion. 

This  pajHT  is  the  out(*ome  of  a  discussion  stiirtetl  hy  me  in  tUv  Anwri- 
<'(m  Joiinuil  of  lidilimt/  Applidiiiu-tt  in  1  )e«'<'ml>er  hist ;  I  have  no  |Hitcnts 
to  advertisi'  and  no  axes  to  ^riiid.  Manv  of  the  suggi-stions  in  this 
pa|K'r  are  mine,  others  have  Ikimj  i-ontriluitwl  hy  eminent  methaniis, 
|>ractically  familiar  with  the  building,  r('|)airing  and  running  of  high 
spe<Hl  l«K'onu>tives.  I  d«)  n«tt,  lutwever,  pro|M»s4-  t«»  «lesignate  which  are 
mine  and  which  arc  not,  having  U'eii  mneh  amuMtl  l»v  h*-aring  ide:L>, 
contrihntetl  or  indorsed  by  leading  builders  ami  master  meehanity,  ami 
some  «>f  whi«'h  have  Imh'Ii  for  some  time  in  ."«n«x"«"ssful  o|M>ration,  »'hamc- 
tcri/*"*!  as  impracticable  and  visionary.  All  I  will  .say  in  this  ct>nneiiion 
is,  that  whatever  any  of  my  hearers  may  e»»n.suler  as  guo»l  ami  practiml, 
MO  mattir  what  it  is,  I  do  not  claim.  For  anything  which  any  one  may 
consider  pjirticularly  gtKMl  for  nothing,  or  old,  or  wild,  or  unfe:isible, 
or  idiotic,  1  acvepl  full  resp«insibility.     1  am  |K'rfeetly  awarv  tluit  this 
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will  result  in  my  at  once  fathering  and  disclaiming  all  those  ideas 
about  which  among  my  hearers  there  may  be  diametrically  opposed 
opinions;  but  the  inconsistency  will  be  not  mine,  but  that  of  the  audi- 
ence. 

For  such  work,  the  engine  needs,  in  a  high  degree,  steaming  ca- 
pacity and  economy  of  fuel,  cylinder  power  and  economy  of  steam, 
tractive  power,  adaptability  of  wheel  base  to  the  curves  necessarily 
encountered,  proper  equalization  and  distribution  of  weight,  prompt 
and  safe  control  by  throttle,  reverse  lever,  and  brake,  exemption  from 
tendency  to  leave  the  rails,  particularly  on  curves  and  at  switches; 
freedom  from  jerking,  swaying,  "  wee-wahing,"  and  hammering,  and 
good  behavior  as  regards  spark  throwing  and  heating  of  wearing  sur- 
faces. 

This  is,  perhaps,  asking  a  good  deal  in  an  engine;  but  the  higher 
the  standard  and  requirement,  the  better  the  attainment;  and  in  all 
the  points  named,  existing  engines  can  be  bettered. 

Steaming  capacity  and  economy  call  for  good  fuel  and  water,  and 
proper  draft,  large  grate  and  heating  surfaces  ju'operly  disposed,  the 
grate  kept  properly  covered  and  fire  clean,  water  heated  and  purified 
before  feeding ;  heating  surfaces  kept  free  from  scale  and  sludge  on  one 
side,  and  soot  and  ashes  on  the  other. 

Cylinder  power  and  economy  demand  high  initial  and  mean  effec- 
tive pressures  and  low  terminal  and  back  pressures.  This  must  be 
got  by  large  port  area  without  excossixe  passage  clearance,  and  a  better 
valve  motion  than  the  present  shifting-link  abortion,  with  its  attend- 
ant throttling,  wire  drawing,  exhaust  choking,and  lop-sided  distribution. 

To  get  high  tractive  power,  the  drivers  must  have  as  much  weight 
upon  them  as  the  rails,  joints  and  bridges  will  stand.  There  is  no  use 
in  an  engine  being  more  than  able  to  sli{)  her  drivers  on  up  grades 
and  with  maximum  train  load,  on  icy  rails. 

We  must  distribute  our  reforms  among  the  framing,  running  gear 
proper,  fire  box  and  appurtenances,  boiler  proper,  stack,  valves  and 
steam  passages,  and  valve-gear. 

Perhaps,  the  necessity  for  simultaneous  reform  in  so  many  elements 
may  result  in  a  hybrid  type  of  engine;  but  it  must  be  remembered 
that  many  hybrids  are  useful;  one  of  them,  the  much  maligned  mule, 
is  an  indispensable  factor  in  civilization. 

For  framing,  I  should  select  the  bar  type  as  perhaps  the  best  under- 
derstood  by  American  builders,  and  best  adapted  to  the  permanent 
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way  of  the  next  (l«c;«(l<-.  iJiit  it  re«juirc>  iiiarke<l  reform  fnim  tlie 
usual  manner  of  making  u|».  It  nee<lH  to  Ix?  wtifTer  vertically,  to  l>e 
better  braced  cliapmally  in  a  verticjil  plane,  an«l  freer  fn»tn  !>lii>rt,  Hudden 
chanj^e?*  in  direction,  and  from  weldinj;  Haws.  It  .should  U*  of  mild 
Bteel,  die-lorj^e<l  l>y  preswure,  a^  by  hydraulic  or  Mteatn  tog^le-preiseeH, 
instead  of  anvil-fof^e<l  by  hammer  blows.  The  angli:»  should  lje  well 
reinforceii ;  and  the  whole  fmme  c«msidere<l  ii.^  a  tra^s  subje<ie<l  in  itjj 
various  parts  to  certain  «-ot;stant  an«l  known  weight  strej**}*,  phts  other 
iutermittent  racking,  twisting  and  |H)unding  strains.  I  tru.st  that 
master  me<'hanics  and  l<K'omotivc  bnild<Ts  will  pardon  me  for  saying 
that   the  servicts  of  a  go^xl    bridge  engine<T  could    \>*'  eriiplov«-d  with 
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advantage'  in  ix'-ilesigning  the  framing  of  high  s|)«>«hI  .Vmerit^n  |xusscn- 
ger  engines. 

I  would  pro|)os«»  for  each  horizontal  UH'mlM-r  of  the  Ixir-fnime,  a  l)eani 
rolletl  of  JL  sit'tion,  with  c«»nsidenible  »lcpth  of  web;  jaws  (»f  .stune 
section,  but  with  nuisidcrable  rc-infoi(v  wcKUil  in  the  fnuninir  .ingles. 

For  wheel  distribution,  I  projxkse  two  jviirs  of  drivers,  a  "|M)ny" 
or  single  juiir  leading  truck,  and  a  |x»ny  tniiling  truck. 

()i)i»'ction  h:us  Ufu  made  that  pony  Icatlers  arc  dangimus,  and  that 
a  ("oiir-wh«'<'lnl  truck  is  nc«'«>>sarv  for  sifcty.  In  npiv  to  this.  Kng- 
lish   fiust   engini^s   have   cvm    rigid   hniden*,   and   often    K'ad    with   the 
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drivers.  I  know  of  no  instance  where  a  locomotive  has  been  derailed, 
owing  to  the  pony  truck,  where  the  pony  truck  has  been  equalized 
with  the  front  driving  wheels. 

A  four-wheeled  leading  truck  would  increase  the  length  of  boiler 
and  flues,  and  the  dead  weight  of  boiler  and  running  gear,  and  not 
increase  the  traction. 

Proposed  diameter  of  drivers  is  72",  placed  84"  between  centres; 
of  leading  truck  wheels  3(3",  99"  in  advance  of  leading  driver  cen- 
tres; of  trailing  truck  wheels  36",  72"  back  of  rear  driver  centres. 

The  trailing  truck  may  be  rigid,  giving  13  ft.  rigid  wheel  base  and 
total  wheel  base  of  21^  ft.  Or  the  trailing  wheels  may  be  on  a  swing- 
ing bolster  pony  truck  if  necessary,  which  would  make  the  rigid  wheel 
base  only  7  ft.  The  proposed  wheel  base  distribution  may  be  seen  in 
the  diagram,  (Fig.  1.) 

Two  pairs  of  drivers  are  chosen  because,  although  single  pairs  do 
the  best  work  in  England,  they  are  harder  on  the  permanent  way  and 
cannot  climb  away  so  well  from  a  station  if  the  grade  is  anything  to 
speak  of  and  the  rails  are  slippery. 

All  engine  wheel  centres  to  be  press-forged  of  mild  steel,  with  hard 
and  tough  steel  tir.es  1"  greater  diameter  than  the  centres;  the  inter- 
stitial ring  being  hemp  packed  by  steam  or  hydraulic  pressure  to 
absorb  shocks  and  vibrations. 

Centres  and  tires  of  all  wheels  to  be  given  a  running  balance  while 
turning  on  a  cock-head,  and  the  completed  wheels  to  be  similarly 
balanced  when  put  together. 

Particular  attention  to  be  paid  to  counterbalancing  reciprocating 
parts,  and  the  balance  attained  to  be  such  as  to  lessen  vertical  irregu- 
larities rather  tlian  fore  and  aft  pulls. 

The  flanges  of  all  wheels  in  the  train  are  to  be  of  extra  depth  and 
thickness,  and  those  of  the  front  drivers  to  be  lubricated  by  grease- 
blocks  as  on  Austrian  railways,  to  lessen  flange  friction  and  wear  of  rails 
and  flanges. 

Rear  drivers  to  be  either  flangeless,  or  with  extra  play  in  the  wheels, 
in  case  the  trailing  pony  does  not  have  a  swing  motion. 

Axles  to  be  of  mild  steel  with  10|^"  x  8"  journals  in  phosphor 
bronze  or  equivalent  bearings.  Journals  to  be  formed  by  pressing  a 
ground  hard  steel  sleeve  over  a  mild  steel  center  and  then  forcing  on 
the  wheel. 

Power  brakes  to  be  applied  on  both  sides  of  each  driver,  so  as  to 
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j^ivc  iii<T<;is(<l  t'lirtinii  ariil  |»n-v»'iit  -strain  iind  \v<'ar  <m  axl«'-l><»xo,  ami 
on  Itia-^'s  of"  iiiaiti  aixl  sidf?  nwl-. 

As  rcjrjinls  the  l»rak*',  I  rnak<'  i\u-  lollovvinj^  ({Uotation  fVoiu  die 
American  Jounutl  of  linilway  Apjilianren  : 

"  An  important  n*(|uisit<'  is  Huituhio  ati<i  adiijiiati*  bnikf  poicrr. 
TIhh  ix  of  the  lir-rt  iiuportamc  for  safi'ty,  convenience  and  ex|)e<lition. 
Fird — As  already  intitnatnl,  the  power  hrake  for  siieli  a  train  tnn.-t  Ik? 
easily  graded.  For  hIo\v-u|)s,  tliroiij<;li  centres  of  population,  around 
curves  and  down  grades,  a  UraUe  is  needed  wliieli  will  not  go  ofl*  like 
a  eannon — using  all  its  power  when  l»ut  part  is  r«-4|uired — hut  one 
which  may  he  a|)plied  to  just  the  extent  which  the  engineer  mav  <l<'>.ire, 
and  n(»  more.  And  this  gniding  in  hrake  power  must  Ite  attainahle 
without  any  mechanical  change  in  the  eipiipment  other  than  that  whi<'|i 
nuiy  1)0  etlected  instantiiiieously  in  the  c:ih.  Srroml.  The  mHHJeti  hn»ke 
must  indioute  aeeurat<'ly  to  the  engineer,  at  any  moment,  the  amount 
of  hrake  |>ower  he  has,  not  oidy  on  his  engine,  hut  also  on  hi>  train. 
Third.  It  must  Ikj  a  hnike  which  will  at  onn»  give  notice  oj"  anv  dam- 
age to  any  part  of  the  train,  without,  ne«'«'ss'irily.  hringing  it  to  a  halt 
in  M  dangcinii-  |tlaee.  Or.  in  <'ther  words,  the  hrjike  must  appiv  auto- 
matically in  case  of  damage,  to  remain  set,  or  Im-  instantaui-oiislv 
release  I,  at  the  will  of  the  engineer.  Fourfh.  The  hr.ike  e<Miipment 
slmuM  he  s<i  devised  that  even  a  considerahle  damage  to  it  will  not 
disalde  the  hrake.  Fifth.  The  et!icien<«y  of  the  hrake  should  not  l»c 
alh'cted  hy  sud<len  changes  in  temperature.  .sVj-//i.  It  shouKI  W>  fn-e 
from  liahility  t(»  trouhle  from  lack  of  ifpiali/ation  in  the  j>ower  applieil 
to  separate  ears.  Hrvenih.  The  hrake  power  should  he  ade<piate,  instan- 
taneous in  its  applicjition  and  rcIe;LS4>,  and  availahic  at  all  U\\u-<,  in 
whole  or  in  part.  Fi>/hlh.  It  shouM  he  cheap,  an<l  its  cheapiv  main- 
tained as  is  consistent  with  the  highest  dtyree  of  efBcienev  and  sjifetv. 
iXinth.  .A hove  all,  it  shoidd  Im>  free  from  any  liahijitv  to  creep  on  and 
stall  tntiua." 

Springs  to  he  in  two  parts,  separatiil  vertindly  hy  an  open  spju* 
and  a  central  distance  piece,  .so  jts  to  give  hy  this  o|hmi  trur^sing  gn'titer 
strength  for  a  given  weight  of  metal. 

In  the  matter  of  fuel,  there  are  four  classes  to  ch<ms4>  fnmi : 
(1)  lump  coal,  (2)  "briquettes,"  or  hhnks  of  artificial  fuel  made  fn»m 
scre^Mutl  anthracite  or  hituminous  slack,  niixnl  in  suitable  pn>|»ortii>ns 
and  comi)ies.«icil  hy  hydnudic  machinery-  ;  ^^."{1  water  g:js,  ma«le  in  fixed 
plants  at   terminal    and    other  .statiotjs,  and    (Xtmpn^^s^i!  to  HtUvn  or 
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twenty  atmospheres  in  cylindrical  mild  steel  tender  tanks,  or  reservoirs ; 
and  (4)  petroleum,  vaporized  or  sprayed  at  the  moment  of  burning, 
and  at  the  varying  rates  required  for  the  constantly  varying  work  to 
be  performed. 

The  artificial  fuel  of  briquettes  has  the  advantage  of  cheapness  and 
compactness  and  of  regularity  in  firing.  Either  compressed  water- 
gas,  or  petroleuai  would  give  lightness  of  tender,  and  regularity  and 
rapid  and  absolute  controllability  of  evaporation,  together  with  great 
capacity  and  high  duty. 

For  the  present  we  shall  consider  the  engine  to  be  designed  for  lump 
coal,  or  for  "  briquettes  "  of  compressed  coal  slack. 

Boiler  to  be  of  ^"  mild  steel,  56"  outside  diameter,  straight  top 
made  with  only  one  longitudinal  seam,  and  that  on  top ;  holes  either 
drilled,  or  punched  scant  and  reamed  to  size ;  hydraulic  riveted  and 
concave  caulked  ;  manhole  to  come  in  the  dome  and  be  reinforced  with 
a  mild  steel  ring. 

I  would  prefer  to  do  without  the  longitudinal  seam  by  having  the 
rings  rolled  seamless,  or  to  do  away  with  the  girth  seams  by  making 
the  entire  shell,  of  one  sheet,  but  at  present  neither  of  these  plans  can 
be  carried  out. 

Distance  from  centre  of  front  sheet  to  centre  of  stacks  20".  Crown 
sheet  27"  back  of  rear  driver  centres. 

Thickness  of  dome  f "  ;  of  extended  smoke  box  j^",  of  smoke  box 
\".     Height  from  top  of  rail  to  centre  of  boiler  7'  3". 

235  basic  steel  tubes,  each  12'  6"  long  between  tube  sheets,  and 
2"  outside  diameter. 

Objection  might  be  made  to  the  great  length  of  tube,  but  they  are 
only  a  foot  or  so  longer  than  usual,  and  need  give  no  trouble  as  regards 
tightness.  This  gives  an  external  heating  surface  of  tubes  of  1,537 
square  feet,  and  a  fire  area  through  tubes,  less  ferrules,  of  3*92  sq.  ft. 

Fire  box  120"  long  and  52"  wide,  inside.  Height  of  crown  sheet 
above  top  of  grate,  at  centre,  52".  Material  of  inside  fire  box  copper, 
^"  thick  at  sides  and  front,  |"  at  back  and  ^"  in  crown. 

Radial  stays,  forked  at  the  crown  sheet  end. 

Heating  surface  of  fire  box,  84  sq.  ft.,  making  a  total  heating  sur- 
face of  1621  square  feet. 

Exhaust  nozzle,  if  discharging  jnto  stack,  3"  x  3J"  instead  of 
21"  X  3|",  as  is  usual  for  18"  x  24"  cylinders. 
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I>ii|)Iic;ite  Hotfl  of  try  riM-kM  ami  j^Iilh^h  water  coliiinii,  and  rt-j^ilarly 
rfiM'waMf  rii*il)l<*  |>liijX'<,  k<'|)t  fn-*'  from  w:ile. 

The  fire  l>«)X  may  Ik.-  forriij^it***!  to  j;iv<'  iricniiH-^l  ^trt.•nJ:tl^  ainl  sur- 
fa(.*e,  and  |>c>rniit  of  ex|mnHion  an<l  con  tract  ion  without  causing  Icalca. 

If  coal  or  hrifiucttJ-rt  are  usj-iI,  there  will  Im-  a  spring  rtre  door,  ope- 
nitcd  \>\  the  (Stoker's  f(M»t ;  a  dcHc«-ting  plate  inside  the  Hn*  door;  a 
pei-forat«H)  hridge-wall  ;  ami  arnmgenients  for  admitting  either  steam 
or  hwite*!  air  at  will  through  the  bridge-wall,  or  in  the  side  walls,  or  in 
the  cIos<m|  ash-pan.  whirli  latter  will  have  an  air-tight  "  slat  dump." 
The  grate  haix  w<»nld  Im*  mostly  water  tulw-s,  and  then?  would  Ih'  rtick- 
ing  8e<*tions  for  <le:ining.  There  wouM  Ik;  a  live  steam-blower  in  the 
stack. 

Smoke  lx»x  to  i>e  of  the  "extende<l  "  cliuvs,  with  ~park  arri^ter. 

Ex|>eriments  with  the  extendal  smoke-lK>x  <»n  the  Kastern  liiiilniad 
show  that  "  the  engine  will  make  steam  with  her  exhaust  ti|)s  from  \ 
to  \  inch  larger  in  diamet«r,  with  the  ext<'nsion  "  than  without  ;  that 
it  giv<'M  15  |x'r  cent,  minimum  fuel  sjiving;  lessens  smoke,  and 
^'  throws  what<'ver  sparks  do  come  through  so  high  that  they  are  extin- 
guished In'fore  reaching  the  ground." 

The  fire-box  to  be  >upplie<|  with  two-jiart  dtK>r*,  oiKTat*-*!  bv  a 
treadle.  There  should  Im-  a  bri<'k  an-h  on  in-idating  water-tul>c8. 
The  water-legs  to  have  vertic-al  detle<ting  or  circulatiott  plates,  to  c^use 
rapid  currents  down  the  outside  and  up  the  inside. 

The  pressure  carrie<l  shoidd  be  not  K'ss  than  KJO  gauge- [K>und8 ; 
and,  in  fact,  the  enfonxnl  loss  of  fifteen  pounds  pressurt'  |)er  S(|uare 
inch  in  all  non-<*onden«ing  engines,  even  where  the  back  pn>sure  is 
clear  down  to  the  atmo^j)here  (which  it  never  is  in  anv  hw-omotive, 
much  less  in  one  to  run  at  high  piston  siH'etls),  sh<»uld  point  to  a  still 
higher  initial  pressure,  s;iv   ISO  to  *J(M)  j>oimd-*. 

riiere  should  1h'  extra  thick  non-<*onducting  lagging,  bv  re:is<u>  of 
the  higher  tem|>erature  (372°  F.)  of  steam  at  KJO  |»ounds. 

The  drv-pi|M>  and  throttle  should  Iv  extra  large,  and  then*  should 
be  a  superheating  pipe.  There  should  be  tw«)  inn^-tors.  each  of  a  cafm- 
rity  four  times  the  evaporative  nNpiin>ment.s. 

There  may,  perha|)s,  l)e  a  "  blow-back  valve,"  discharging  the  escape 
from  the  safety  valve  into  the  tender,  for  the  treble  pur|Mis«>  of  quiet- 
ing the  noise,  «^H)nomi/ing  fuel,  and  K'SM-ninir  the  damaL'''  done  the 
sheets  by  injei'tion  of  ("old  \\r-\\. 

The  blast  to  Iv  suppleinent«tl  by  controllable  jet.-  of  -^uiMrheated 
live  steam  intriKluced  at  the  front  and  sides  of  the  tire-Uix. 
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Cylinders,  as  before  stated,  to  be  18"  x  24". 

If  a  D  valve  be  used,  which  is  not  recommended,  it  should  be  of 
the  Allen  type,  with  6"  travel ;  the  upper  line  of  the  steam  edges  to 
be  worked  to  a  quarter  circle,  to  assist  in  the  flow  of  steam. 

The  steam  chests,  if  a  D  valve  be  used,  to  be  on  the  sides  of  the 
cylinders;  or  else  spring  relief  or  shifting  valves  to  be  supplied,  to 
lessen  danger  from  water  working  over. 

Steam  ports  for  D  valve,  instead  of  \^"  x  16",  as  is  usual,  to  be 
\\"  X  20"  at  the  valve  seat,  with  passages  tapering  down  to  1^"  x 
16f"  at  the  counter  bore.  This  is  to  give  25  per  cent,  more  area  with 
a  given  port  opening,  than  is  usual  for  steam  admission  at  early  cut- 
offs; giving  with  \^"  width  of  port  uncovered,  an  effective  open  port 


Fig.  2. — suggested  valve  and  piston  arrangement. 


area  of  1\"  X  20"  =  24  sq.  in.  at  the  valve  seat ;  the  maximum 
admission  area  at  the  counter  bore  being  only  1^"  X  16f"  =  25|^ 
sq.  in.  even  when  the  port  is  fully  uncovered. 

Valve  gear  to  be  of  the  Joy  or  other  radial  type ;  preferably  of 
such  construction  as  to  give  full  port  opening  in  \  of  its  travel,  stay 
open  during  the  next  |,  and  close  during  the  final  \  travel ;  lead  and 
cushion  to  be  equalized,  rather  than  cut-off  and  release;  and  the  valve 
gear  to  be  so  proportioned  and  adjusted  as  to  do  its  best  work  at  that 
point  of  cut-off  most  used. 

On  no  account  should  any  type  of  a  link  motion  be  used.  Prefer- 
ably, the  steam  distribution  to  be  by  four  cylindrical  valves  across  the 
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head.s,  Imvirif^  rwipnxaitin^  jwirtial  n»tation  ;  running  in  oil  un«l<r 
stciini  pressiin-,  tukin^  st<*ani  iiridrT  tlic  lip  ;  liim^  on  hanloneil  j*t<el 
triitiiiiotiM,  iHiiriiij^  on  liar<l<-ti<-4i  st<-«-l  Ixisho  ;  iiu>ti«m  froin  tlm  rrf»*«- 
liwul.     (Fi^'.  2.) 

I*i>tMii  to  1)«*  spring:  pa<kc'<l  witli  rinp-  H-arA"*!  bv  a  nit  haltway 
through  the  wiiltli  of  riii^,  then  round  the  rin^  3"  ;  then  the  other 
halfway  through,  sf)  tliat  a'*  the  rinj^  wean*  the  xidcH  r»f  the  eirruni- 
ferential  euts  always  touch; 

l*iston  to  Im'  luhricatJHJ  hy  oil  passing  from  a  cup  on  the  cr«*«.he:ul, 
throujjjh  a  wntral  <lrill  hole  in  the  pi-ton  hmI,  to  the  c<'ntr«-  *A'  th«'  top 
of  the  piston  head.     (Fig.  2.) 

Piston  nA<  ami  valve  nnls  t«»  Ik*  steel,  an<i  rnetal-jKickeil  l»v  a  -pring- 


I'K..  .{.  — Al  TOMATH    TKAlTIOX  INTRKASKK. 

packed  collar  fast  to  the  nxl,  ami  playing  steam  tight,  though  without 
binding,  in  a  lH)re<l  cylindri«-al  Imix. 

[As  an  alternate,  I^djbitt-busluil  stufling  Uixcs.  4  nul  «liameters  in 
length,  Ixianl  ya^o''  larger  than  the  ro»lj«.} 

Crossluwl  to  l)c  of  stirl,  of  the  vertic:d  tyjn',  with  adjustabli  pho>- 
phor  bronze  sIuh's  playing  on  two  c:tst  iron  guidt-s  of  dianiomi  s«vtion. 
Wrist  pin,  fast  in  the  nnl  ami  playing  in  two  bronze-l>u->lu^i  l»earings, 
t»nc  at  c:»ch  end.  in  the  on»sshesul. 
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Preferably,  sill  the  journals  to  be  formed  by  forcing  a  hardened  steel 
sleeve  over  a  mild  steel  centre.  All  pins  and  cylindrical  journals  to  be 
turned  and  ground  on  centres.  Crank  pins  to  be  oiled  by  graduating 
cups  with  spring-valves  which  give  down  a  fixed  charge  of  graphited 
oil  at  each  stroke  and  will  not  run  dry  when  the  crank  is  on  centres. 

Parallel  and  main  rods  rectangular  section;  the  connecting  rod 
largest  at  the  crank-pin  end.     The  parallel  rods  would  have    solid 


Fig.  4. 


Fig.  5. 


ends,  and  brass  bushes  pressed  in.  While  this  arrangement  costs  a 
little  more  at  first,  a  bush  fits  the  pin  better  than  keyed  brasses.  Solid 
ends  for  rods  have  the  advantages  that  a  careless  engineer  cannot  key 
up  so  as  to  injure  the  rods  ;  there  are  no  keys  to  become  loose  and  no 
bolts  to  clear. 

Connecting  rods  taking  hold  outside  of  the  wrist-pins  have  been 
objected  to  by  Westerners  as  causing  undue  spread  of  cylinders  and 


wy"M 


Fig.  6. 


hence  causing  swaying.  These  objectors  do  not  perhaps  know  that  all 
Pennsylvania  Railroad  passenger  engines  are  built  with  the  rods  taking 
hold  of  the  wrist  pins  and  give  no  trouble  on  this  score.  The  sand 
box  could  go  well  down  against  the  wheel  case,  as  in  British  engines. 
Increase  of  traction  on  grades  and  curves  is  not  to  be  got  by  sand  alone, 
perhaps  not  at  all  by  sand,  but  by  an  automatic  traction  increaser 
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<%'i((:il)l<!  of  piittiiij^  a  niaxirmirn  of  lU  to  l.j  toas  extra  weight  on  the 
ilrivcrs,  from  tlie  Ij-ikUt.     (Se<'  Fi>;.-<.  '.i  to  »>,) 

Tlie  connection  hetwet-n  engine  and  tender  f-houhl  not  l)0  rigid,  uh  on 
curves  this  cauHtw  the  flanges  of  the  f<»rwanl  engine  truck  and  of  the 
rear  ten«h'r  truck  to  crowd  the  ouLsi<h-  rail,  and  tlie  drivers  and  the 
forward  tender  truck  t(»  crowd  the  inner  mil,  unh-ss  the  tender-truek 
axle«  are  radial  ;  which  they  ought  to  Ix-  in  any  *-iii^-. 

For  the  heavier  eiirvcs  and  grade-,  the  ngidar  hauling  engine  is  to 
Ix!  HU|)|)U'iuentc<l  hy  a  six  <-ou|)hil  "  l»aiik  engine,"  whi<'h  will  lie  with 
full  steam  up,  on  a  siding  a  few  miles  in  advance  of  the  tough  place. 
The  instant  the  train  pas.«e.-i  the  siding,  the  hank  engine  starts  out  to 
catch  it  and  gradually  increasing  its  s|>e<*d  until  slightly  grcjiter  than 
that  of  the  train,  it  catches  the  rejir  of  the  hi-st  c:ir,  which  is  ^uppliel^ 
with  extra  strong  buffer  springs,  and  the  hank  i^-  taken  with  the  aid 
of   the  extra  engine. 

.Main  li«:i(|li;:lit  to  l>e  cleettieal  (re<'<'iving  current  from  a  dynamo 
<lirect  driven  i)y  a  |»'>ny  engine),  and  supplementc<l  hy  a  si<le  lighting 
oil  headlight  above  it;  both  lamps  swivcling  sidewi.se  by  a  lever  from 
the  nib. 

Weight  of  engine  rcadv  for  n-rviee  !Mi,(MM)  ll>s.,  of  which  fn»nj 
4H,()()(I  up  to  G4,(.MK)  lbs.  may  1k'  e«jually  tJivichHl  Utween  axh-s  by  a 
shifting  fulcrum,  and  the  rest,  4H,(MM»  down  to  ;Jl',(MH)  ll)s,  e«pjally 
divided  between  the  lca<ling  and  trailing  ponies. 

The  |)iston  area  of  each  cylinder  is  2o4'.')  sqtiare  inchl^^  ;  displace- 
ment, n.lOM  cul)ic  inclx'S  ;  the  driv«-r  «ircumferen»v  IH'H.')  f«»ft.  or  226 
inches. 

Putting  on  the  drivers  j  of  the  total  weight  of  48  net  tons,  we  have, 
as  the  cvlinder  capacity  to  move  the  engine  one  inch,  32  •  •')  ^  IC' 
cul)ic  inches,  or  IGU  <  226  =  ."iG.lOO  cubi*-  inches  |>cr  revolution  ; 
giving  30,160  -4-  4  ^  9,040  cubic  im-hes  piston  tlisplacen)ent  nijuire*! 
per  reV(»lutiou. 

This  calls  for  i),(»4()  -i-  254')  =  3.V')"  stroke  for  IS"  piston  diam- 
eter, or  1>,040  -T-  24  =  376*67  s«|.  in.  piston  area  for  24"  stroke.     This* 

rciiuires    \j =    21'Si>"    i-\Iiniler   diameter,    with    21"    stroke, 

'  \  o-7sr)4 

with  the  32  tons  on  drivtrs. 

If  only  half  the  total  weight,  or  21  net  tons,  were  put  on  drivers, 
there  would  l>e  required  6,7SO  cul>ic  indies  piston  ilisphict'ment  in  »"ach 
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cylinder,  and  this  we  might  put  either  18  X  26*6  inches  or  18'25  X 
24  inches. 

We  may,  then,  assume  that  cylinders  18  X  24  require  only  48,000 
pounds  on  drivers. 

Tender  frame  and  body  of  steel,  carried  on  light  33"  steel-tired 
wheels.  Capacity  of  tank,  3,000  gallons;  of  coal-box,  15,000  lbs. 
Weight  of  tender,  empty,  20,000  lbs.  ;*  loaded,  59,000  lbs.  Fitted 
with  water-scoop. 

Tender  wheels  "independent,"  or  else  axles  capable  of  assuming 
radial  positions  on  curves.     (Fig.  7.) 


Fig.  7. — INDEPENDENT  PAPER  CENTERED  WHEELS. 

Connections  between  tender  and  forward  car  should  be  by  a  coupling 
similar  to  that  between  cars;  thus  making  a  continuous  pull,  without 
the  usual  jerk  when  the  slack  back  of  the  tender  is  tautened. 

The  maximum  tractive  power  of  the  18  x  24  engine  with   72'^ 

18^  X  24 
driver  is =108  pounds  for  each  pound  of  mean  effective 

pressure  upon  the  pistons. 

912  miles  in  18  hours  is  50*67  miles  per  hour  including  stoppages. 
Allowing  two  hours  for  delays  and  stoppages,  it  is  just  57  miles  per 
hour  while  running ;  and  counting  loss  from  five  slow-ups  and  start- 
ings,  it  makes  it  necessary  to  make  60  miles  an  hour  right  along  when 
at  full  speed  on  levels.  While  this  cannot  be  held  on  up-grades, 
dashes  can  be  made  down-grades,  to  keep  up  the  average  of  60  railas. 

The  line  of  the  Pennsylvania  Railroad  proper,  between  Philadel- 
phia and  Pittsburg,  runs  (as  per  official  figures,  by  the  courtesy  of 


*  This  weight  is  about  8,000  lbs.  less  than  most  estimates,  but  is  based 
upon  a  peculiar  proposed  construction. 
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Mr.  CharlfM  K.  Pugh,  ^Jenenil  Manager),  an  follows:  Siartin;:  at 
Pliilndi'lpliia,  ami  .xshuriiiiijr  a**  iIh*  «lattJMi  Him-  tin*  onlinan*  liijrii  tide 
in  tli<'  S«lniylkill  Kiv«r,  lli<-  ^nuli«iit-  in  fii-t  |Mr  mile,  tlie  dii^taiMY-v 
in  mik-s,  and  tlw  lieiijIitM  aUiVc  the  datum  line,  are  rw|HTtively  : 


8TATIONH. 

OOI.H<l   WKMT. 


BrcMid  Hlrcct 

Roaeraont ... 

Malvern 

Downlngtowii. 

r»rkMt>urg 

Oup 

lAtinuitrr 

Mt,  Jciy 

Concwimo , 

llnrrlNhurg 

Fetrmburg 

n«rre 

H«ira  MIIU- 

Altotiiin 

omniciti 

Bollvnr - 

fit.  Clnlr 

RM4lrlM\ugh 

Tnrllo  Crerk 

Iloliirwmid 

Pltliiburg 


DurTAJH-EJt. 

\Ul. 

Tolkl 

10 

10 

1" 

3' 

It 

46 

1  ■ 
1" 
1'. 

'il 

ilO 

I'. 

W. 

13 

tm 

H 

.t48 

Hm»!Iit». 


l.'.l 


Av.  n. 

ToUl.        pfr 
III  Up. 


\Vi.(«i  lit)  >>\*r 


FhtlKcla.  to  Ftlinburg-  .        .r>i 


r ; 

flr» 

su 

«M 

It  will  U-  jHrn  that  in  the  total  distamr  U'twirn  IMiiladelphia  ami 
Pitt.>*hnrjj,  there  \»  a  vW"  of  i\M  feet ;  the  hi^hi^^t  |»«»int  on  the  Hd«, 
Gallit/in,  iH-inp  2,I(K>  \\\K  al»<»ve  Phihulelphin.  The  avenivT'"  >rra<lient 
is  only  1*J>.'^  fi-ot  |ht  mile;  hut  the  worvt  irnide  i*  l""  •'■-•.  '■■'•  ""^ 
miles  of  the  distantv  Ix'twwn  Alto«»na  and  (iallit/in. 

The  followinjj  table  pivej«  the  distamv!(  taken  up  l>y  n*\x\^  grades 


444 


To  Chicago  in  Eighteen  Hours. 


[Jour.  Frank.  Inst., 


(going  West),  from  20  to  30  feet  per  mile,  from  30  to  40,  etc.  These 
distances  are  measured  from  an  official  profile,  to  a  scale  of  10  miles 
per  inch : 


Up-grades,  going  West. 


Over  20,  and  nnder  30  feet  per  mile 

"30  "40  "  " 
"  40  "  50  "  " 
"50  "60  "  " 
"60  "70  "  " 
"70  "80  "  " 
"80  "90  "  " 
"90  "100  "  " 
100  feet  per  mile 


Miles. 


49- 
20-1 
11-4 
5-5 
0- 
0- 
1-2 
5-6 
0-3 


9.i-l 


"  At  first  I  was  met  with  more  sneers  than  encouragement,  when  I 
broached  the  subject  of  engines  to  make  the  transits  of  900  to  950 
miles  in  eighteen  hours,  including  stoppages.  Then  master  mechanics 
and  locomotive  builders,  looking  at  the  thing  soberly  and  acknowledg- 
ing the  defects  of  existing  types  of  engines,  announced  their  entire 
ability  to  produce  engines  which  would  be  able  to  do  the  work,  month 
in  and  month  out,  on  some  ideal  road — on  which  the  grades,  curves, 
optices  and  ballast  were  adapted  to  the  somewhat  severe  requirements. 
But  it  was  gravely  announced  that  no  such  track  existed,  and  that  the 
chances  were  that  no  such  track  could  be  laid  down  at  any  price. 

"  Next,  the  concession  was  made  that  such  a  track  could  be  put 
down,  but  that  it  wouldn't  pay. 

"  It  having  been  brought  to  the  mind  of  objectors  to  the  project, 
that  such  track  was  already  down  in  England  and  did  pay,  the  ball 
was  tossed  over  again  to  the  engine  ;  and  it  was  gravely  (though  anony- 
mously) asserted,  in  a  semi-practical  journal,  that  existing  engines  liad 
all  they  could  do  to  knock  out  thirty-five  miles  an  hour.  Up  steps 
an  English  engineer  with  figures  to  prove  that  in  the  London  and 
Northwestern,  freight  trains,  sandwiched  in  between  fast  thi'ough  pas- 
senger trains,  knock  out  forty-two  miles  an  hour  between  London  and 
Liverpool ;  and  at  present  the  discouragement  seems  to  be  principally 
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liiiiietJ   at  the   jieriiiunent  way,  with  a  Mli^hl   •lijfrfwioii  in  rpfHrfn***  t«» 
the  iiiMaiie  (Jhiu  hiw«  alxjut  ntoppiii)^  ut  all  ^nule  cnMrtiu)^.' 

"The  r|iK>tioii  of  |K'rinainMit  way  bhoiiM  Ik.-  (iiM'iLHnt.ii  Jr-Mu  nr^t 
ali^niiieiit  t<i  l*alla»t-taiii|Mn^,  l<*  tiii*i  out  if  it  i-*  not  {M-rt'it-tly  r«-a.*>iljle 
aii<i  |tr<((it:il)lf  to  hiy  ati<l  inaiiitain  a  tnu'k  which  will  oLmikI  all  the 
rackft  to  Im-  iiii|MH4il  u|h>ii  it  l»y  any  n^tini-tahle  fji^t  tniin." 

The  matter  of  curven  and  j;ra(le^  re<juin-!«  wp-eial  utteiiti«>n.  Kxwt- 
iug  pructif'e,  |Nirti<iilarly  in  th«*  direction  of  curves,  ii*  particularly 
iinpnirticid. 

"  Next  (*orneM  the  i|Ucstion  of  material,  h-n^th,  wci^^ht  and  M-^iion  of 
rail;  mode  of  Hplicin)<^ ;  tiei^,  Imlhtst  and  tamping;  fro^  and  »witchi9 ; 
and,  lastly,  hrid^ex.  Am  n'^irdn  rail  material,  I  Mip{)aMe  tliat  it  is 
about  S4'ttl«*(l  that  all  iron  niiU  arc  to  l)e  thin;^  of  the  pa^t  ;  and  tliat 
whatever  metalx  arc  put  down,  from  thi.<4  |M>int  on,  for  any  ncid  of 
ini|K)rtun<v,  will  Im*  of  nteel  of  mtmc  kind  or  another.  If  the  advo- 
cates of  iron  niiln  have  anything  to  say  in  their  favor,  or  to  the  «h*tri- 
nieut  of  .steel  rail.>*  a.**  at  pre?*ent  u.-^etl,  on  the  ground  of  et^Miomy,  dura- 
bility and  safety,  I  am  willing  to  hear  them  ;  but,  »n  far  a^  I  am  con- 
cernc<l,  we  are,  at  pn-s^^nt,  in  favor  of  htt-el.  NN'hether  it  U*  lJ«'H**'nicr 
or  Siemenn-Murtin,  or  nomv  other  pri'j^nt  or  yet  unmade  kind,  I  leave 
out  of  the  ({Ue^ition  for  the  pri'Mcnt. 

"  When  it  comes  to  len^lh^,  it  Hccniji  as  though  the  meclmni<'al  diffi- 
culties of  making:  and  handling;  l«»np*r  rail.**,  even  of  the  lu-aviot  sec- 
tion.><,  were  rapi«lly  tlistp|H>:ii-in^  ;  an<l  if  the  majority  of  iIm*  niil.H  laid 
were  in  lengths  of  nixty  feet  and  upwanl.**,  we  would  obviate  the 
ex|H'n.>*e  atitl  risk,  attendant  u|>*»n  the  u«m>  of  a  ^mit  many  nplicw. 
Kven  the  most  nibi<l  adv<K-:tte  of  |Nitent  rail  joints  mu'<t  admit,  when 
yuu  ^et  him  liown  to  it,  that  the  U'st  joint  is  no  joint  at  all  ;  ami  that 
the  fewer  jctint.**  then*  are,  even  of  the  nitt^t  impntvitl  ty|ie  attainable 
at  any  priiv,  the  le$«s  will  Ih>  the  wmr  and  te:ir  of  niiU.  tinnt^<s  and 
tn'atls,  breakaj;e  of  spring*,  cutting  of  journals  and  tn-es,  »n<l  noi«««», 
du.>«t  and  discomfort  to  |taHa4>n^>rs. 

1  am  aware  that  the  «|nestion  of  expan-ion  will  U-  nii»«il,  but  anti- 
cipate this  by  siiyin^  that  the  prexiit  alhiwancc,  (»n  a  thirty-l'o«it  rail, 
is  not  .'«o  nuich  to  cxivcr  the  e\|Kinsion  as  to  allow  for  bud  !>prin^  of 
fishplate  holi>." 

\N  hatever  joint  Ls  usetl,  however,  must  l>e  stron^lv  tni>Mxi  :i^inst 
vertind  ::»trains  ;  and  this  can  only  U*  properly  acciimplisiutl  by  a  stif- 
fening niemlHT  under  the  Han|^. 
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'•  As  regards  sections,  consideration  of  tliat  ought  to  include  both 
head  and  flange.  There  are  those  who  are  in  favor  of  perfectly  flat 
treads,  and  others  who  call  for  a  gentle  curve  all  the  way  across.  Still 
others  wish  right  and  left  hand  rails.  What  the  rail  head  shall  be, 
depends,  of  course,  upon  whether  the  wheel  treads  are  cylindrical  or 
coned ;  and  that  is  an  oft  mooted  and  still  undecided  subject  (not  alto- 
gether disconnected,  by  the  by,  from  that  of  rigid  versus  loose  wheels). 

"  The  admirable  reports  of  my  friend.  Prof.  P.  H.  Dudley,  point  to 
the  great  desirability  of  increasing  the  flange  width,  with  a  view  to 
lengthening  the  life  and  usefulness  of  wooden  cross-ties ;  and  this  is 
well  worth  looking  into,  because  it  means  not  only  cheaper  ties  in  the 
end,  but  decreased  liability  to  spreading  of  track. 

''  It  is  very  certain  that  whatever  rail  section  be  adopted,  it  should 
be  such  as  to  comport  best  witii  the  curve  at  the  base  of  the  wheel 
flanges. 

"  I  say '  comport  best ;'  and  by  this  wish  it  very  distinctly  to  be 
understood,  not  'correspond  with'  but  'work  well  with.'  I  have  seri- 
ous doubts  whether  a  rail  and  a  wheel  which  have  equal  curvatures  or 
correspond  like  templates,  would  curve  well  together.  In  this  I  am 
heretical ;  but  it  is  not  my  fault,  nor  yet  a  criminal  olfence. 

"  Rail  weight,  of  course,  depends  upon  rail  material,  and  upon  the 
weight,  frequency,  speed  and  character  of  the  trains  ]>assing  over  the 
line.  The  question  of  material  I  will  assume  to  be  settled ;  and  will 
also  assume  that  the  train  will  consist  of  a  well-balanced  and  well- 
equalized  locomotive,  having  no  greater  weight  than  33,000  pounds 
per  driving  axle,  rigid  wheel  base  of  seven  feet  six  inches  maximum, 
and  no  greater  speed  than  350  strokes  per  minute;  hauling  a  train 
c(msisting  of  tender  and  five  cars,  each  car  weighing  with  its  load, 
40,000  pounds,  and  having  this  weight  distributed  upon  their  three- 
wheeled  trucks,  twenty  feet  between  centres.  For  this,  I  propose  as  a 
starter,  a  rail  section  with  six  inch  flange,  and  giving  a  weight  of 
seventy-five  pounds  per  yard." 

"  There  is  no  dr)ubt  among  master  mechanics,  road  masters,  super- 
intendents of  rolling  stock  and  master  car  builders,  that  there  is  an 
undue  amount  of  friction  between  rail-heads  and  wheel  flanges,  at  all 
times,  and  at  all  points  along  the  track,  but  particularly  when  at  high 
speed  and  on  curves.  Neither  is  there  any  doubt  among  passengers 
that  the  noise  and  motion  are  from  this  cause  greatly  increased,  and 
the  discomforts  of  travel  thus  vqiried  and  multiplied. 
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"  It  is  gemrally  adtuittc<l  that  tin-  |)riiu'i|Nil  j-ausc  of  tliU  n>U};liiicMH 
of  ri«liiij^  uimI  wwir  aii<l  tt-rir  of  raiU  atnl  \vh"fl  rtaii;r«'>',  i^  iIm-  prltiii- 
tivo  oi.stoiu  <»f  having  l»*jtli  \vlie<'l.-i  i»n->ifH.*<l  fa-t  u\xn\  llie  axlr,  !*«j  titut 
wli«,'(lier  or  not  the  wh<t'I.H  upon  the  oj)|Hj>ite  fn«l»  of  an  axle  are  of  the 
oanic  diameter,  or  (if  the  same  '  ta|K'r'  on  the  treadn,  or  are  nuind,  or 
are  concentric  with  the  axh-,  or  no  matter  whether  the  outer  whwl  on 
a  curve  lisu«<  further  to  jjo  than  the  inner,  the  two  wh«*<*l«  an*  o»ni|M'Ih'd 
to  revolve  tojjether. 

"  It  is  neiMlless  to  n-ht-ar-y-  in  <l»tail  tln'  t-vil  rtl«ti-  ut  tin-  jm  riini<<u-< 
custom  ;  hut  it  may  l»e  useful  and  intcn-stinj;  to  my  hwirers  to  |tre>i*iit 
one  of  the  more  nxxint  forms  of  '  lo«»s«- '  or  *  inde|M'mlent '  wheels, 
ilcsi^uj-il  to  allow  the  outtT  wln-el  when  on  a  curve  t«»  revolve  ni«»re 
rapidly  than  the  inner,  while  at  the  .sim  ;  lime  presi-rving  a  higher 
<ie;;ree  of  safety  and  not  intnMJucin^  undue  c«»t  and  ctmipliixition  of 
parts. 

''  In  the  ty}>e  herewith  illu.Htnite«l,  the  whwl  itself  i^  of  the  well 
known  'Allen'  construction,  with  stit-I  tirtrs  and  c^»mp^■?^M■^l  pap«r 
weh  or  centre,  lioltitl  l)elween  steel  plat<t*,  and  cast  iron  huh,  or  the 
wheels  and  axles  may  rotate  as  a  unit,  and  of  course  at  the  -^iiuv  nite, 
in  th<'  regular  outer  Im)Xi's;  or  one  wIm-cI  may  n-volve  with  an«l  the 
other  on  the  axle.  Lubrication  of  ih*-  lar^e  inner  l>ui«h  and  journal 
is  in.-un^I  hy  (lil  p;us."<i);es,  /•',  F,  leading  from  the  oil  Im)x  to  an  oil 
i-hand>er  K,  cut  in  the  journallcil  wheel  s4-:it.  The  liidihittcd  hush  of 
the  bore  is  held  a^iinst  end  motion  by  circnimHuential  rilis,  and  is 
flan^itl  up  at  the  ends;  the  inner  Han^^'  of  each  wheel  U-injf  pn)tiH'ti"<I 
Uy  a  wrought  iron  collar.  A,  buttini;  against  the  shoulder  of  the  wh«il 
M'at,  and  the  outer  end  having  al>o  a  wrought  iron  o>llar  J{,  one  and 
one-half  iinlu's  long,  thrcadiHl  u|>on  the  axle  iH-tween  the  outer  journal 
f\  and  the  wheel  sejit  journal.  Thes*'  thre-.ideil  collars  />  an-  held  fn»m 
turning  by  pins  /■',  F,  rivetti-tl  at  each  ( nd.  The  hul*-  />,  are  nuh 
strengthenwl  by  six  ril«,  G,  (?,  etc." 


Mr.  W.  B.vnxtrr  LkVaN: — Mr.  Grijushawhas  stated  that  he  pro- 
poses to  d  is  jh-uso  entirely  with  the  link  motion.  Now,  if  di^jH-nsing 
with  link>  entirely  what  will  U-  hi-  |»o>ition  in  the  event  of  having  to 
run  on  a  siding  or  have  a  bn^ik-<l(»wi:.  How  tloes  he  expon'l  to  liack 
his  engine? 
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Mr.  Grimshaav  : — I  don't  know  what  is  meant  by  this  question.  I 
simply  cannot  answer  it.  It  assumes  that  the  Joy  is  not  a  reversible 
gear,  or  is  more  easily  crippled  than  the  link.  As  a  matter  of  fact 
the  Joy  is  a  reversible  gear,  and  I  have  no  knowledge  that  it  is  more 
easily  crippled  than  the  link,  owing  to  the  fact  that  I  do  not  know  of 
any  of  them  having  been  crippled. 

Mr.  LeVan  : — Where  will  you  find  the  Joy  link  motion  in  use  in 
this  country  ?  To  my  knowledge  there  are  only  one  or  two  in  use  on 
locomotives,  and  they  are  very  unsatisfactory. 

Mr.  Grimshaw  : — I  have  seen  letters  from  master  mechanics  of 
several  American  roads,  commending  the  Joy  gear,  and  stating  that 
they  purpose  adopting  it.  I  have  elsewhere  answered  the  question  as 
to  its  success  on  the  Reading  Railroad,  and  will  only  add  that  Mr. 
Joy  says :  "  When  Mr.  Paxson  sent  me  his  blue  print  I  saw  it  would 
only  injure  the  gear.  I  told  him  the  centre  fixing  and  overhang 
would  never  do.  If  they  will  make  bad  designs  failure  is  a  matter  of 
course." 

Mr.  George  S.  Strong  criticised  one  point  on  the  locomotive. 
Mr.  Grimshaw  proposes  for  fast  trains,  i.  e.,  the  pony,  or  two-wheel 
truck  as  a  leading  truck,  stating  that  he  feared  it  would  not  be  capable 
of  keeping  the  rail  if  detached  from  the  rest  of  the  locomotive,  as  is 
a  four-wheeled  truck,  which  will  keep  the  rail  and  forms  a  truck 
within  itself,  at  the  same  time  it  presents  two  wheels  to  take  the  blow 
of  striking  a  curve,  while  the  other  only  presents  one.  He  was  afraid 
that  a  pony  truck  for  very  high  speeds  would  be  more  liable  to  break 
loose  from  the  locomotive  and  swivel  across  the  track  and  wreck  the 
whole  engine.  He  also  described  a  locomotive  engine  with  extended 
smoke-box  and  other  special  features,  now  being  built  for  the  Lehigh 
Valley  Railroad  Company. 

Mr.  Grimshaw  : — Engineers  on  the  Lehigh  Valley  Railroad,  quoted 
by  Mr.  Strong  as  one  on  which  a  two-wheeled  truck  would  not  take 
curves  at  high  speeds,  say  that  they  do  take  them,  and  safely.  The 
Denver  and  Rio  Grande  Railroad  runs  pony  truck  engines  at  forty- 
five  miles  an  hour  perfectly  safely  on  their  curves.  It  only  requires 
that  the  pony  wheels  be  equalized  with  the  front  drivers,  as  now  done 
with  perfect  success  on  the  Denver  and  Rio  Grande  Railroad. 

Mr.  J.  W.  Nystrom  : — I  fully  appreciate  the  importance  of  Mr. 
Grimshaw's  paper,  and  believe  it  feasible  to  run  a  train  with  the  high 
speed  he  proposes.    I  would  ask  that  the  diagram  of  the  proposed  loco- 


June,  1884.]  To  Chicatjo  in  Kifjhleen  Hours.  449 

njotive  be  reprodiuxxJ  ou  tlio  s<T«.*en  tor  further  remarks  on  the  .*ianie. 
[The  (liaj^ram  was  niinKhic*"*!,  and  Mr,  Nvr-tmrn  <fMitiinie<l.]  The 
greatest  diHiciilty  with  the  locomotive  has  always  U*en  \\.<  incomplete 
coinl)iistion,  and  conseijuently  waste  (»f  fuel,  l>y  throwing  out  smoke 
and  sparks,  s<'ttin;;  fin"  t(»  houses  and  other  nunlmstililo  near  th«*  mil- 
road.  This  evil  is  «iuse«l  liy  an  excessive  draught  through  a  thick 
fin-  on  a  too  small  fire-grate.  I  spoke  on  this  subject  at  a  meeting  of 
the  Institute  some  twenty  years  ag«t,  and  remarkc<i  that  the  locomotive 
engineers  are  Ix-hind  the  timcH  in  steant  engineiTing. 

The  principal  defect  in  the  locomotive  consi.-ts  in  the  smallness  of 
its  fire-grate,  whi<h  is  confine<l  hetwei'ii  the  <lriving-wheels,  and  it  c:in- 
not  he  conveniently  incrcase<l  in  length. 

In  order  to  overcome  this  defect,  Mr.  \V(jotten  placwl  the  fire-grate 
al)Ove  the  driving-wheels,  where  there  is  s|mux»  enough  to  make  it  of 
the  re<|uired  or  |>roper  si/e.  Mr.  Wootten's  arnmgement  wa«i  illu-trateil 
and  explained  at  a  njeeting  of  the  Institute  a  tew  ye:irs  ago,  when  I 
remark*"*!  that  the  fire-grate  shoid<l  be  placet!  over  the  trailing  tnuk. 
instead  of  over  the  large  drivers,  which  rais<'s  the  l)oiler  up  t«K)  high. 
My  suggestion  was  not  considered  feasible  by  some  memlK'rs  of  the 
Institute.  Now,  Mr.  (Jrimshaw  pnxluces  a  sketch  of  a  hK-«jm«»tive 
with  the  fire-grate  above  the  truck,  but  he  still  confines  th'  width  of 
the  gnite  between  the  driving-v.hecls.  By  moving  the  boiler  back  a 
little,  so  that  the  furnace  will  clear  the  driving-whe<'ls,  the  fin'-gnite 
nui  Im-  made  wide  enough  for  projKM-  combustion  without  excessive 
draught,  and  thus  avoid  smoke  and  spjirks,  which  will  restdt  in  in^m- 
omy  of  consumption  of"  fuel. 

Mr.  Grimshaw  proposes  to  make  the  fire-grate  alx»ut  10  teet  ileep 
by  4  feet  4  inches  wide,  making  43  njuare  fet't  grate  surface.  It  is 
very  difHcuU  to  keep  a  clejin  and  even  fire  upon  a  grate  10  tV-et  dtvp  ; 
but  if  the  fire-lK)x  is  cut  of!' so  j»s  to  clesir  the  driving-wheels  and  make 
the  grate  9  feet  deep  by  7  feet  wide,  making  G.*J  square  feet  gnite  sur- 
face;  or,  perhaps  better,  to  make  the  grate  S  tV-et  s«|uare,  or  »i4  npiare 
feet  surfa«'e,  the  boiler  woidd  be  mure  eotnomic-al  <»ii  tucl,  and  nf  inii.li 
greater  steaming  capacity. 

About  the  cylindricjil  valvc-s  of  which  Mr.  (irim>haw  s|Haks.  I 
would  ask  it'  he  means  piston-valves? 

[Mr.  (irimshaw  pnxluce^l  a  drawing  of  the  valves  ou  the  screen,  to 
which  Mr.  Nystrom  rtMuark***!] :  They  are  Corliss'  valves,  but  Mr. 
Grimshaw  says  that   he  will   run   the  valves  in  oil  under  steam  pres- 
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sure,  and  I  cannot  see  how  that  can  be  done  without  driving  the  oil 
into  the  cylinder. 

Mr.  Nystrom  added :  There  are  many  details  proposed  by  Mr. 
Grimsha\v  which,  whether  good  or  not,  have  no  important  bearing  on 
speed  of  the  train  which  is  a  function  of  power,  and  that  additional 
power  can  be  obtained  by  proper  arrangement  of  the  fire-grate,  as 
before  stated. 

A  small  fire-grate  requires  a  stronger  draught  and  thicker  fire, 
which  is  extravagant  of  fuel,  whilst  a  larger  grate  surface  requires 
less  draught  and  a  thinner  fire,  by  which  the  combustion  will  be  more 
complete.  I  may  refer  to  a  case  where  I  constructed  a  steamboat  with 
compound  engines,  and  was  not  allowed  to  make  the  fire-grate  as  large 
as  I  desired.  After  the  boat  had  run  about  a  year  the  boiler  was 
taken  out,  and  another  one  with  larger  fire-grate  was  substituted,  which 
resulted  in  better  steaming  capacity  with  greater  economy  of  fuel, 
although  the  amount  of  heating  surface  was  the  same  in  both  boilers. 
I  cannot  see  the  economy  in  creating  the  draught  by  superheated  live 
steam,  instead  of  by  the  exhaust,  as  proposed  by  Mr.  Grimshaw. 

Mr.  LeVan  : — Mr.  Grimshaw  has  stated  that  a  large  grate  surface 
is  essential  for  the  rapid  production  of  steam  for  fast  running  locomo- 
tives. 

It  does  not  seem  to  have  occurred  to  them  that  any  boiler  may  be 
economical  or  otherwise,  in  respect  to  fuel,  according  to  the  rate  of 
evaporation,  and  that  in  the  case  of  a  locomotive  boiler  this  rate  is  of 
necessity  almost  always  varying.  For  a  given  rate  of  evaporation  I 
may  have  with  equally  good  reason  a  large  fire  grate  of  58  square 
feet  and  a  slow  rate  of  combustion,  as  in  the  case  of  the  Wootten 
boilers,  as  used  on  the  Bound  Brook  route ;  or,  a  small  grate,  35  square 
feet,  as  in  Class  "  K "  Pennsylvania  Railroad,  and  a  quicker  com- 
bustion. In  both  these  cases,  from  reliable  information,  the  same 
amount  of  fuel  is  burned  in  the  same  time  and  performing  the  same 
service.  This  shows  that  the  same  quantity  of  heat  is  taken  up  by  the 
Mater ;  consequently,  so  far  as  mere  economy  of  fuel  is  concerned,  one 
boiler  will  be  as  good  as  the  other.  As  for  heating  surface,  this  has 
really  nothing  to  do  with  grate  area,  but  merely  with  the  quantity  of 
fuel  burned  in  a  given  time,  "  Heating  surface,"  or  rather  the  fire- 
box plates  or  flues,  through  the  substance  of  which,  heat  is  transmitted, 
is  only  effective  in  proportion  to  the  difference  of  temperature  on  the 
opposite  side  of  the  plate. 
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Niirneroiis  e.\jH.*rirafMt«  :iii<l  i<*searc'li(f»  have  kIiowd  that  the  thi«k- 
nejw  of  th<*  j)Iat«'  ha-'  iiu  iiiHiH'iic-r  on  the '•<H'MiritMit  «»f  <"«»n«hiction  ;  thii*« 
the  thill  tiihes  of'  tiihiilar  Ixiilers  tran?«mit  im  mon-  ht-nt  jwr  -urf'i.i- 
unit  than  thick  phiten  of  a  Hre-b»»x  ImmUt. 

In  hi^h  H|M'»'<h-(|  |(M-oinotiveH  the  enj^iiH-?*  ar«'  the  >;r«il»->t  <lni\vlmck. 
Taking  the  indicator  <lia^ninis  of  the  Wijotten  and  Cla-^'*  "  K  "  ••n^intu, 
you  will  find  the  former  to  show  over  eijjht  |>oiinds  average  Uiek 
pressure  Ixjfore  compreHHioii  e«tinineiufH,  while  the  hitter  shows  hut  six 
pounds,  when  jHTforinin^  the  sjiine  amount  of  work  ami  running  at  the 
simc  .^iM-ed  ;  and  thr  initial  sti-jim  pn-^sun*  in  the  former  Ikmhj;  H4 
|>ounds,  with  a  iMtilrr  prf«;>un'  of  \'1'.\  |H»tinds  per  srpian'  inch,  and 
the  lutt<'r  rio  pounds  initial,  with  a  Iniihr  pn-ssiirt-  of  14'>  |MMind«  per 
jMjuan;  invh,  I'lir  former  only  realizes  oo,  and  the  latter  «J3  jkt  eeiit., 
whereas  if  they  were  up  t«)  the  lKs<t  stationary  praetiee  they  should  at 
lea«*t  show  !><)  jht  (rut.  effieiemy. 

As  re^anls  the  Joy  valve  f^ear,  so  far  it  dm-s  not  soem  to  have 
tna<le  much  proj;ivs«<  in  this  country.  I  know  (»f  only  two  in  use  on 
l(K'omotivi.s,  and  tln'v  do  not  seem  to  give  satisfaction  ;  the  plan 
adoptcti  liy  Mr.  Strong  i-  a  much  iM-ttcr  arrangement,  as  I  undei- 
stand  it. 

Mr.  (irimshaw  also  says  the  snioke-l>ox  sh<»uld  lie  of  the  *'  extender!  " 
class.  Now,  I  maint.iin,  in  the  fiiNt  placr,  that  an  extension  of  the 
smoke  l>ox  to  a  length  of  over  s:\y  4"J  inchi's  from  tuln^heiid  is  trasen- 
tially  and  ra<lially  wrong  autl  injurious  ;  further,  that  if  the  fin'-l>ox  is 
of  pro|N'r  size  and  c«>nstriiction  it  is  urefl/rMM,  and  if  not,  it  is,  jis  Mr. 
I'ariy  of  the  lialdwin  Lo«iunotive  Works  snid  al>out  the  swing  trucks 
"  helping  to  remiHly  a  wrong  hy  making  another  wn»ng."  It  is  noth- 
ing more  (»r  less  than  a  ivceptacle  for  unntnsunitxl  fuel  airriisl  thntugh 
the  IiiIh's,  and  the  claim  that  it  t-an  have  any  etU-ct  whatever  (other 
than  a  ditriinenUil  one)  on  «*onsiimption  of  fuel,  evolution  of  smoke, 
or  steaming  (pialities  of  lx)ilers,  is,  on  its  face,  alksunlly  fal^'. 

No  pr.utice  was  or  ever  can  In*  succi'ssful  which  run*  counter  to  a 
well  settlcil  theory,  an«l  this  d<H"s  violeixv  to  the  plaini>st  laws  govern- 
ing the  movement  of  Huids,  and  to  their  action,  as  observed  in  every 
l>oiler.  We  do  not  put  a  twelve  in«'h  elbow  on  a  six  inch  water  pi|»e, 
and  if  we  ex|»uid  the  smoke  Im»x  of  a  lo<x>motive  to  hold  spjirk-,  it  U 
iiniMtssible,  to  sjiy  the  lea.««t.  that  it  shall  pnnlutv  any  brnffirlal  rt^ult 
on  combustion,  and  I  claim,  a^  a  matter  of  fact,  that  it  di»es  the  reverse. 

The  exjH'riments  with  the  Shaw  l(Mi>motive  pivveil  this  tx»nclusively. 
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With  it  she  would  not  give  satisfaction  ;  as  soon  as  it  was  removed 
and  the  old  arrangement  substituted,  everything  went  lovely.  The 
fact  is  if  the  deflector  plate  was  removed  the  result  would  be  quite 
different.  Wiih  a  deflector  and  a  forty-two  inch  extension,  the  results 
are  the  same  as  with  a  seventy-two  inch  extension. 

It  is  a  notorious  fact  that  locomotives  do  not  steam  as  well  after  the 
substitution  of  the  extended  smoke  stack  as  before,  as  I  have  been 
repeatedly  told  by  engineers,  who  thought  they  could  speak  the  truth 
without  danger  of  removal.  Several  of  the  engineers  of  the  New  York 
West  Shore  and  Buffalo  Railroad  said  that  their  boilers  were  steam- 
ing poorly  from  the  fact  of  being  handicapped  by  the  late  Howard 
Fry  with  these  al)ortions,  and  that  it  was  all  they  could  do  to  get  90 
pounds  out  of  tiiem  when  they  ought  to  be  at  least  130  pounds.  The 
majority  of  engineers  on  the  Pennsylvania  railroad  will  corroborate 
these  statements,  when  they  can  do  so  without  risk  of  losing  their 
positions. 

The  only  logical  and  common  sense  plan  is  the  return  of  the  sparks 
back  into  the  flre-box  as  done  by  Pike's  system. 

Mr.  Grimsham': — I  beg  to  differ  diametrically  from  Mr.  LeVan 
as  to  the  value  of  large  grate  surface.  Properly  managed,  and  so 
long  as  there  is  sufficient  heating  surface  in  flues,  large  grates  give 
the  best  economic  results.  As  competitive  tests  between  the  Wootten 
and  the  Pennsylvania  Railroad  standard  type  of  locomotives  are  now 
(Mav  12)  being  conducted,  the  public  will  soon  iiave  interesting  figures 
in  this  connection.  Grate  area  of  necessity  gives  larger  fire-box  heat- 
ing surface. 

Thin  tubes  give  quickness  of  steaming  power  in  starting,  and 
quick  recuperative  power  after  hard  pulls  on  curves  and  grades. 

Private  advices  from  England  show  the  Joy  gear  to  be  giving 
the  highest  satisfaction  on  the  best  roads.  The  modification  thereof, 
a  lopted  on  the  Philadelphia  and  Reading  Railroad,  was,  I  understand, 
protested  against  by  Mr.  Joy  and  its  failure  predicted. 

T  took  careful  advice  as  to  the  extended  smoke  box.  It  may 
be  "remedying  an  evil  at  the  wrong  end,"  but  sometimes  we  do  not 
have  choice  of  ends.  It  is  better  to  remedy  an  evil  at  the  worst  end 
than  to  refuse  to  remedy  it  because  that  is  not  the  end  we  would  prefer. 
The  figures  on  nearly  every  road  where  it  has  been  adopted,  show 
saving  by  its  use.  The  statement  that  "  no  practice  was  ever  or  could 
be  successful  which  ran  counter  to  a  well  settled  theory"  is  too  much 
at  variance  with  the  history  of  progress  to  need  any  detailed  refutation. 
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Wiii.r  lN|i:irtiii.  Ill  of  thf-rUy  r»f  I>tit|n<l>-Iptiln.; 


Tlic  iinn:t-iii>^  |»«i|iiiti'>ii  "i  tjic  .Scljiiylkili,  wIk-ikc  tin-  iii:titi  u;if«i- 
}sij|>j)lv  of  l'liil:nltl|»|iiM  is  (Irrivi"*!,  aixl  in  particular  tin*  •M-«-:t-i<»nal 
exawrhatioii  <»f  its  miwliolcsoiiu'  symptoms  to  tin*  clejfroe  of  rt'iuhTin;; 
it  totallv  misuitalil*'  for  urdiiiarv  purposes,  liav*-  Ikn-h  ainiuly  nlVrn-*! 
to,  but  tlic  (li.s<*us.siou  wliicli  for  a  j;«Murati<iii  has  lH.-fn  niaiiitaiiKtl  with 
more  or  k-jw  ('arm-stncss  an<l  inttlli^ctuf,  has  n»sult«l  only  in  nmfusin^ 
the  subject  with  multiplied  an<l  variant  sujrm-st ions,  and  in  tlu-  alMMitv 
of  exact  and  (".irefuliy  d<t«riniii('<|  data,  could  not  in  the  natun*  of  things 
reach  definite  conclusions. 

Not  oiilv  ha-  the  tpiality  of  the  water  itself  Ui'ii  the  Mibject  of  dis- 
put<",  but  the  widest  diversity  ot  opinion  has  Ihi'H  '•x|>n-s.s«<|  as  to  the 
niejins  best  a<lapte<l  to  luuend  existing  evil-  and  to  make  -uitable  pro- 
vi.HJon  for  the  future. 

It  seems  stnm^e  that,  in  a  matter  of  such  vital  «*conomic  and  xN-ial 
imj)ortane<',  this  very  contrariety  of  opinion  sh<»uld  not  have  etdhtl 
attention  to  the  one  esisential  |M»int,  which  had,  moreover,  J>een  iirped 
by  competent  advisei>i,  viz.:  The  necessity  for  such  thorough  scientific 
investi<;ation  bas*^!  upon  the  a<'tual  a.'^vrtainment  of  facts,  .as  -hould 
eliminate  doubt,  and  simpIilV  the  considenition  of  the  prol»lem  by 
clearlv  determinin;;  its  real  conditions. 

Sooner  or  later  all  cities  are  broui;ht  face  to  tiu-^-  with  the  water 
problem,  and  even  when  it  has  l»een  thought  that  a  s<»lution  has  Uvn 
reached,  the  development  of  iixhistries  an<l  the  growth  of  |)opulation 
out-run  the  provision  which  it  w:ts  Ixlieve*!  would  suffi«"e  tor  lont^ 
peritnls,  and  call  for  constant  wat<Oifulne-.s  and  t-tire  to  me«'t  the  ^mw- 
iiii;  demands. 

In  the  «i80  of  Philadelphia,  the  problem --notwith.statj<Iin^  an  appa- 
rent simplicitv  of  conditions — is  moix^  than  onlinarily  ounplex.  The 
Schuylkill  briiejs  the  watiT  to  the  heart  ot  the  city,  and  even  fnr- 
nishet^  the  power  with  which  to  pump  it;  and  it  was  therefore  natund 
and  proper  enoui^h  to  repird  it  as  the  uiain  reliaiuv.  Hut  the  valley 
of  the  Schuylkill  has  jHruliar  features.  At  it.s  sour*-'-,  the  water — to 
a  large  extent  the  dniina^  of  the  ^^wI  men.Mires — is  charge<l  with  the 
acids  resulting;  froiu   the  dwom|»«»sition  of  the  iron   pyrites,  and  this 
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excess  of  acid  is  still  further  increased  by  the  great  development  of 
the  mining  industries.  Farther  down,  the  affluents  drain  a  limestone 
region,  and  the  commingling  of  the  acid  and  alkali  tends  to  neutralize 
both  and  to  impart  a  certain  degree  of  potability  to  the  stream.  As 
was  pointed  out  long  since,  the  water  of  the  Schuylkill  is  an  artificial 
product,  depending  for  its  quality  upon  a  nice  balance  of  chemical  con- 
stituents, the  undue  preponderance  of  either  of  which  would  injuriously 
affect  its  use — the  acid  by  destroying  boilers  and  water-pipes,  the  lime 
by  causing  scale  and  rendering  the  water  too  hard  to  be  acceptable. 

This  chemical  balance  has  been  hitherto  sufficiently  well  maintained 
to  give  no  great  cause  for  complaint,  but  the  pollution  of  the  stream 
by  the  growing  population  and  the  industries  of  the  valley,  has  become 
a  most  serious  feature. 

The  Schuylkill  is  the  natural  drainage  outlet  and  sewer  for  the 
entire  region  traversed  by  it,  and  unless  means  can  be  found  and 
applied  to  effectually  cut  off*  or  thoroughly  neutralize  the  multiplied 
sources  of  pollution,  it  is  hopeless  to  consider  it  available  in  the  futui'e 
for  drinking  purposes. 

To  accomplish  this,  however,  both  legislative  action  and  costly  engi- 
neering works  will  be  required,  and  the  discussion  of  these  must  be 
deferred  until  the  investigation  now  in  progeess  shall  have  fully  dis- 
closed their  character  and  extent. 

Leaving  aside  the  Schuylkill  proper,  it  then  remains  to  consider 
whether  or  not  one  or  more  of  its  affluents  could  be  made  to  meet  the 
necessary  requirements.  Of  these,  the  Perkiomen  alone  is  of  such 
character  as  to  promise  good  results,  and  in  consequence  the  project  of 
impounding  the  Perkiomen  waters  and  bringing  them  to  Philadelphia 
by  a  gravity  conduit  has  heretofore  presented  itself  as  a  plausible  one, 
and  been  urged  with  more  or  less  earnestness.  In  the  absence,  how- 
ever, of  such  accurate  data  as  must  be  obtained,  it  has  been  impossible 
to  do  more  than  accept  estimates  and  opinions  as  a  basis  of  argument, 
and  there  now  appears  good  reason  to  believe  that  in  respect  of  both 
quantity  and  quality,  the  Perkiomen  supply  would  prove  deficient. 

Should  it  result  that  neither  the  Schuylkill  nor  its  main  affluent  can 
be  securely  relied  upon  for  the  future,  the  Delaware  must  be  considered, 
and  this  aspect  of  the  case  has  hitherto  been  scarcely  more  than  glanced 
at.  Numerous  suggestions  have  been  made,  but  again  the  lack  of  pre- 
cise and  authentic  information  has  crippled  investigation  and  made 
discussion  futile. 
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The  &<tiii)at<.-(l  <*«Ht  ol*  everv  one  of  the  Delaware  pnyjx-tri  ha?*  Ui-n 
«o  lar^je  as  to  (li*oiini;;e  their  eoiiJ«i«hnitiou,  hut  if  the  Uxt  rutults  are 
to  Im'  :ittiiiii(-<l,  the  iiiveKti^rutioii  must  Ih-  nuuh*. 

For  a  j^ravity  Miipply,  the  I>ehiware  water  inu-st  l)e  taken  KiUiewhere 
in  the  vicinity  of  the  Oap,  Hinee  it  is  not  until  that  |M)int  xa  reached 
that  the  eh-valion  of  the  stn-Jiin  is  siitli«*icnt  to  ^ive  the  ne<'ev<ir\'  fall. 
For  a  HUppIv  l)y  |iuin|iiti){  to  a  coinjuit,  |H)inl.s  nuirer  hy  nftrr  thein- 
aeives.  The  Delaware,  t<^j,  has  atlluents  which  nii^ht  Ik?  iinpn'!*<tJ 
into  »*rvi<v,  at  iejtst  to  (iiininish  th**  m-o-rvsary  pumping. 

A  third  p<>>Mil)le  soun-e  is  the  1'|>jht  l>4'hi^h,  who^*  water*  in  n>|»e<'t 
l>otli  of  purity  and  altitude,  present  ni«iHt  favonihle  conditions,  althouj^h 
the  distanei*  is  ^n-ut  and  the  niiniinurn  How  lesr*  than  is  ntjuireii  for  a 
full  supply. 

The  id<»jd  .s4»un-«'  is  one  \vho«<'  swift  waters,  dniintHi  fn>ni  a  wihler- 
ness  liarren  of  mines  or  agriculture,  and  which  the  laws  of  nature  will 
effeciually  j;uard  from  defdemeut  l»y  |>opulation  or  iudustrv.  can  lie 
<liv<'rted  t'ri»m  the  liviuj;  rt-st-rvoir  of  their  pk-IvV  channel,  and  through 
an  aipUMJuct  of  rea.s«»nal>le  length,  U'  <lelivere<i  t4»  the  city  n-ceiving 
lia>ins,  a^  limpi<l,  |ialat4d)le,  and  frt>e  fn>in  (t)ntamination  a.s  when  tum- 
hlin^j  frei'ly  in  their  native  Ik"*!. 

Of  all  the  sourcox  availahle,  the  Upp<'r  Ix'hi^h  <i»m«rs  nean>t  to  thit« 
staiidanl,  and  the  l'p|>er  Ddawan', — wh«»<'  |;r«iter  How  is  ample  for 
all  iicetls,— i-omes  next. 

It  hap|)ens,  however,  that  idiids  arc  r.ire  of  attainment,  and  in  the 
prcM-nt  case,  (>couomic  considerations  intervene  to  oHinsi'l  caution,  and 
<'(»m)M'l  the  fullest  and  most  carcfid  inve>ti<;ation  lH'f«»r»'  a  de<-isii>n  Xte 
math',  hut  it  <-3iiinut  he  dcnietl  (hat  i'hilailcl|»liia,  with  all  her  fortunate 
i'omlitions,  is  doid>ly  tavored  in  having  at  her  i>>mmand,  whenever  she 
i<hall  cIhm»sc  to  claiu)  it,  a  supcrh  s4iur«-<-  of  water  suppiv  which  for 
pciicrations  to  come  will  tultill  cvcrA-  ntpiircment. 

In  investi^itin^  the  Delaware  proje<t,  some  unex^Mvteil  features 
>Tei'e  develoiNtl.  It  was  nwi-ssjiry  in  runr.ing  the  conduit  lin«"w  to  the 
Oap,  t«»  take  a«lvanta^>  of  the  valley  itself  to  |mu»  the  S»uth  Mountain, 
and  in  doin^  this,  lV»int  IMcjLsjint, — alK»ut  half-way  l)etwivn  Tn'Uton 
and  h^Lston,  and  30  miles  from  Philadelphia, — was  n>adily  set>n  to  Im? 
the  most  ailvantaircous  point  at  which  to  nwh  the  valley.  The  •con- 
duit line  to  this  |M>int  proviil  to  U'  much  mon*  tavorahle  than  was 
antici{Kite<l,  largely  retlucinj;  previous  wtimates.  and  f«irthermon»,  the 
<|u:ility  of  the  wat«r  in  tin-  Delawan' at  Point   IMensiint  was  found  to 
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be  extremely  good, — better,  in  fiict,  than  that  of  any  of  its  affluents, — 
and  almost  comparable  with  the  water  of  the  Gap. 

The  conduit  line  to  Point  Pleasant  intercepts  the  Pennypack  and 
the  Big  and  Little  Neshaminy,  and  when  nearing  the  Delaware  valley 
taps  also  the  Tohickon.  It  results  from  this  combination  of  circum- 
stances that  the  Delaware  project  might  be  considered  as  terminating 
temporarily  at  Point  Pleasant,  where  pumps  could  lift  the  Delaware 
waters  to  the  conduit  and  send  them  in  to  the  AVentz  Farm  and  the 
proposed  Cambria  Basins  at  an  elevation  of  165  feet.  Furthermore, 
the  waters  of  the  intercepted  affluents  could  be  used  to  decrease  the 
pumpage,  and  in  fact  for  the  greater  part  of  the  year,  would,  in  all 
probability,  furnish  the  full  amount  required. 

An  aqueduct  northward  from  the  Wentz  Farm  Basin  would  there- 
fore come  almost  immediately  into  service  by  bringing  in  the  supply 
from  the  several  streams  as  they  were  successively  reached,  and  the 
Point  Pleasant  Pumping  Station  would  continue  to  furnish  any  amount 
of  excellent  water  while  the  construction  of  the  conduit  should  be  pro- 
ceeding towards  the  Gap. 

The  unexpected  purity  of  the  Point  Pleasant  water  is  due  to  two 
causes :  First,  the  considerable  aeration  and  consequent  purification  the 
Delaware  waters  are  subjected  to  by  flowing  swiftly  in  a  natural  chan- 
nel, and  over  numerous  riffs  and  rapids ;  and  secondly,  the  partial 
exclusion  of  the  low  water  drainage  of  the  Lehigh  by  means  of  the 
canal  on  the  right  bank  of  the  Delaware,  which  absorbs  the  summer 
flow  of  the  Lehigh  when  it  is  most  highly  charged  with  the  sewage  of 
Easton,  Bethlehem,  and  other  cities  in  that  valley. 

The  problem  of  the  Future  Supply  of  Philadelphia,  therefore,  pre- 
sents itself  under  three  aspects  : 

First — The  practicability,  the  requisite  means,  and  the  cost  of  re- 
deeming the  Schuylkill,  and  so  effectually  guarding  it  against  future 
pollution  as  would  justify  the  city  of  Philadelphia  in  depending  upon 
the  use  of  its  waters  for  domestic  and  manufacturing  purposes. 

Second — The  determination  of  the  quality  and  quantity  of  the 
waters  that  can  be  reliably  obtained  from  the  valley  of  the  Perkiomen  ; 
and. 

Third — The  cost  and  other  particulars  of  the  Delaware  project — 
accepting  Point  Pleasant  as  a  half-way  station,  and  looking  to  above 
the  Gap  for  a  gravity  supply. 

As  an  alternative  to  this,  the  excellent  suggestion  is  advanced  by 
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Ml.  I  Itririj:,  of  l»rinjjin^  tlif  waters  of  iIm-  rpixr  I><'hi^li  into  tin* 
UpiMT  P<'rkiofiu*n — th«*n*l)V  iiirn'aMlnjr  tin*  quiintity  ami  impnivin-^  tlio 
f|iialitv  of  tin*  l;itt»T. 

It  will  Im'  h4M-ii  l)V  anv  one  (■(MivcrHant  with  tin*  Hiihjcti,  that  it  han 
^Towii  to  great,  aii<l  it  may  b«*  sai«I,  uiH'X|Mi>te«l  pro[iortion».  Tli«- anii 
of  coiintrv  to  Im-  <'xamiii«'<l,  \vli<'tli«T  hy  acciirjit*-  -iirvt-y-*  or  n-i-onuMi!*- 
sances,  is  largir  than  has  ••vcr  Im-«'Ii  attcinptt.'ii  in  thi?*  <tmntry  :  ami.  in 
this  ftoiincctioM,  a  «'oiu|>arirton  of  th«*  neo«>«««ry  cxtont  of  the  I'hila- 
<l(>l]>liia  surveys  with  tlnne  ma«le  l»y  otht-r  eitiex,  will  Im*  iti»trnrtiv«-. 

New  Y(»rk,  with  a  t<»|M>jrraphicrjil  an*a  to  Im- e«»vere<l  of  alxmt  2,<MM) 
Mjiian*  miles,  of  which  HMi  were  maitiHtl  an<l  25<>  were  iran-fnlly 
reconnoitcred,  Iuls,  sinee  1S7'>,  sjKMit  an  average  of  over  $.'Wl,<KJ() 
annually,  or  al»ont  ?2')n,(MH». 

Tin-  lialiimon*  surveys  ctist  al)out  $15,(MK>,  hut  only  the  (inn|>owiler 
piT>je<'t,  which  lijw  since  l>een  HUottrsHfuIly  «»niplete<l.  wa.s  serioitnly  (-on- 
siden"*!,  ami  the  length  of  the  c«tn<luit  was  seven  mih-*  only. 

In  Ii<»?iton,  the  area>  surv«y»tl  wen*  aUjut  **<)  Mpiare  njiles.  ami 
examination.s  were  ma«le  of  a  total  of  alxnit  o,5()(»  Mpiare  mih?*.  The 
length  of  conduit  line  was  lo|  miles.  The  investigation  o<fnpi«l 
alK»ut  tlinv  vj'ars,  and  eof«t  !?«jO,(KK>. 

The  I'hiladclphia  invj-stigiition  will  re<piire  i-areful  surveys  of  alMuit 
468  s(|uare  miles,  conduit  lim's  alx»ut  lS.3  mih-s.  an<l  a  general  exami- 
nation of  about  (),')(Nl  Hjiiarr  miles. 

The  work  which  ha>  so  tar  Ut'ii  aceomplished  is  excellent  in  char- 
acter, large  in  amount,  and  ecunomiad  in  ntst  ;  and  it  is  of  the  grt'xtti'st 
im|N»rtanc4-  that  It  should  In-  ciirrieil  to  completion  with  (he  jiarties 
now  fully  c<juipp»tl  and  trained  t<»  their  work. 

The  total  ex|K'nditun'  that  will  Ir-  re<|uire«l  cannot  yet  l>e  deti-rmimil. 
The  invj'stigation,  owing  to  an  unex|KH-ic<|  halancing  of  various 
advantages  and  disidvantages,  physic:d  and  •Hiinoiufc,  has  a.^^^umetl 
proportions  that  were  not  at  any  time  hcn't«»fore  (*ontempIateil.  Hut 
it  19  work  that  is  ahsolutely  essontial  t<»  an  atxMimte  and  reliahle 
W)lu(ion  ol'  the  proMem.  and  I  finl  no  hesitation  in  sjiving.  that  what- 
ever ncces<:irv  expenditures  are  iiwiirreil  will  Im-  an>i>Iv  niciid  in  the 
end. 

The  e\|M-nM'  ot'  maintaining  and  sU|N-rvioini;  the  work  is  alM>ut 
$2, •')()<)  |H'r  month,  ami  this  vear  will  pn>lial>lv  *.^  il..  .m-n.  r  oi  '  ■>♦' 
the  fiehl  w«>rk  fairly  advance<I  t«»  <"ompletion. 

The  results  art*  ttw  ini(M)rtant,  and  the  t>»ns<^pien»^"s  «»f  n  taiiun'  t<» 
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obtain  all  necessary  information  would  be  too  serious  to  allow  me  to 
feel  any  hesitation  in  asking  for  such  funds  as  may  be  required  to 
complete  the  investigation. 

The  reports  from  Dr.  Leeds  and  Mr.  Hering  furnish  a  full  account 
of  the  operations  under  their  respective  directions,  and  contain  infor- 
mation of  the  greatest  interest  and  value. 

The  Department  was  especially  fortunate  in  securing  the  services  of 
these  two  gentlemen,  both  of  whom  are  well  known  in  the  professional 
world  in  their  respective  branches  of  inquiry  and  have  evinced  the 
higiiest  interest  in  the  important  labors  entrusted  to  them. 

The  circumstances  are  such  as  to  necessitate  a  continuance  of  the 
investigation  in  order  to  cover  the  entire  field,  and  to  reach  such 
reliable  results  as  shall  justify  the  preparation  by  the  Department  of 
final  estimates  and  recommendations ;  but  the  conditions  are  now 
thoroughly  understood,  many  points  of  doubt  have  beeu  eliminated, 
and  the  work  can  proceed  with  clear  conceptions  towards  a  determinate 
conclasion. 

The  varying  ciiaracter  of  the  several  streams  at  the  different  seasons 
makes  it  necessary  to  establish  minimum  as  well  as  average  data,  and 
ob.^ervations  extending  over  at  least  a  brief  term  of  years  are  required. 

Analysis  has  so  far  confirmed  opinions  formed  from  engineering  and 
physical  data,  and  Dr.  Leeds  is  enabled  to  reach  the  preliminary  con- 
clusions expressed  in  his  final  remarks,  viz.  :  as  to  the  advisability  of 
ceasing  to  pump  water  at  the  Kensington  Station,  and  as  to  the  necessity 
for  immediate  measures  to  guard  the  Schuylkill  from  pollution,  if  its 
use  as  a  source  of  supply  is  to  continue.  Inasmuch  as  any  modifications 
of  the  existing  system  must,  under  the  most  favorable  circumstances, 
require  for  their  completion  a  period  depending  upon  the  means  which 
can  be  made  available  for  this  purpose,  the  conclusion  of  Dr.  Leeds 
as  to  the  frequent  and  recurring  non -potability  of  the  Schuylkill,  call 
for  most  serious  consideration  on  the  part  of  those  upon  whom  is  laid 
the  responsibility  of  making  adequate  provision  for  the  necessities  of 
this  great  city. 

Mr.  Hering's  report  contains  a  careful  resume  of  all  publications 
upon  the  questions  of  future  supply,  and  gives  a  detailed  account  of 
the  work  of  the  surveying  parties. 

Tlie  plan  of  operations  was  laid  down  after  a  careful  preliminary 
examination  of  the  subject,  and  from  time  to  time  fresh  or  modified 
instructions  were  given  as  the  work  extended. 
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Great  tairt-  wa«  «x«'rci»f<l  in  (H-hftinj;  the  gentlemen  tc  ••oii'liH-t  the 
field  work,  ami  tin-  roiiltH  are  siirli  as  to  reHwt  liin;l»  rretlit  u|K»n  all 
enga>^e<l. 

It  i>*  l>elieve«l  that  tin-  ^rt-afer  juirt  of  the  field  work  of  the  •»ur\-ey 
can  l)e  (-ompletiMl  U'fore  the  c\i*-4i  of  thU  year,  and  tin*  ••ntire  investi- 
pition  ('r»n«liid«*<l  at  a  total  r<Ht  nitt  much  in  txvem  of  the  ex[)en<litiire 
made  hy  Boston,  to  rovor  an  are:i  of  vrry  inn«h  Unf,  extent. 


Analysis  of  Spectral  Rays.— <  <'rini  ha-*  pnl.lished  th*-  n>ult 

of  hi-  iiivf.-iij^Mtinii-  ujxiti  llif  tt  j;rMnp  of  sjM^tral  liiurf*.  whirh  \va'»  di.s- 
a)vere<l  by  Brewster  and  iHHitiiated  iH-tween  <^'aml  I).  It«»  j;reut  inrrwiiM' 
of  intensity  when  tlir  Min  appHKU'lK-?*  the  hori/on  indi'-tito  itn  trlluric 
orij^in  ;  hut  it  is  not  due  to  tin*  va|M»r  of  wat<r.  Cornu  find-  that  it 
contains  liru's  of  thnn'  diflfen-nt  kin»ls:  1.  Metallic  lines  *»fH«dar  orijrin, 
riH-opnizahle  l»y  tlnir  o^illation.  The?**'  lines*  are  ^rniy,  hnwd.  an^l 
blurred  u|Min  tin-  Utrdcrs,  while  tin*  telluric  rays  are  black  an«l  >harp  ; 
1.  Dr}*,  atinospiu-ric  lims,  forniinjj  two  inie<{ual  seriiw  of  channclUtl 
double  njvs.  'riii"*  ^roup  n-iinHluc*-**,  line  f«)r  line,  the  arran^cnientM 
of  the  telluric  groups  .1  and  li,  so  that  tlii'  thre*'  ^rou|»s  >.||ould  lie 
altributetl  to  the  sirue  element,  which  is  prolKibly  «»xy);en.  M.  Ki;«>n»fr 
finds  that  the  ret-ipriK-als  of  (he  wave  lengths  of  the  honiologinis  m>, 
in  the  three  irroiip-i,  are  n«>;irlv  in  arithnietie:d  pr»H^P-^-i<>n  ;  ."..  A  thin! 
group  is  forine«l  by  lim"?"  which  have  a  iHniHidrrable  intensity  when  the 
Hun  is  near  the  hori/on,  and  which  di.s;ipjM>ar  alnxw^t  entirvly  when  the 
atmosphere  is  i-old  and  dry.  The  );n>upin;;  of  lin«s  in  harmonic  ratio, 
noticinl  by  M.  KjjorotV,  was  tirst  publishml  by  (.'ha***-,  on  Auj^iist  *J.l. 
1877  (iVw.  Am.  Phil.  .Sk-.,  xvii,  109).— ( '/iron.  InduMr.,  Feb.  IM, 
1884.  C. 

New  Faint.  At  the  military  |»<»rt  of  Brest,  a  mixture  of  xinc 
white  with  zinc  chloride  has  \)w\\  um-^I  for  S4»metime,  with  p>o«l  n-sult, 
in  painting  wixkI  an<l  metals.  It  Im^i-ouh's  ver^'  hanl.and  om  l>e  w:i>he»I 
or  brushe«l  without  injury.  It  shouhl  not  lM>appli«>d.  however,  in  rainy 
or  frosty  weather,  as  it  then  lieoonu's*  meidy  ant!  scales  tifTinsily.  C'hh>- 
ride  of  /.inc  is  not  the  onlv  sjdt  which  |)«»N'^>sses  the  pn»j»erty  <>f  form- 
ing a  m:u«*tic  by  its  mixture  with  /in*'  white.  .*N)n'l  lon^j  ap>  indioite«l 
the  proto-<*hlorides  of  iron,  mauf^uu'si',  nickel  and  c^olmlt  <l<*  k^"^  lut-ies 
for  mastic.     After  having  verifiwl   his  view>,  the  auth«»riti(«  of  Brwt 
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hav'e  extended  liis  experiments,  and  have  shown  that  the  sulphate  and 
nitrate  of  zinc,  the  sulphate,  nitrate  and  chloride  of  iron,  and  the  sul- 
phate and  nitrate  of  manganese  form  good  mastics  and  paints  with 
zinc  white. — Chron.  Industr.,  March  2,  1884.  C. 

Parchment-Paper  Packings. — A  German  mechanic  engineer 
observed  that  damp  parchment-paper,  when  strongly  compressed,  forms 
a  homogeneous  and  unctuous  material,  which  has  great  rigidity  and 
toughness.  Finding,  moreover,  that  Avhen  exposed  by  its  cut  edges 
to  the  friction  of  a  smooth  metallic  surface  it  undergoes  but  an  insig- 
nificant amount  of  wear,  he  took  out  a  patent  for  the  manufacture  of 
journal  boxes  from  compressed  parchment-paper.  One  great  advan- 
tage of  the  material  consists  in  the  lubrification  which  can  be  produced 
by  water  alone;  a  light  greasing  with  oil  at  the  outset  Avould  be  suffi- 
cient to  prevent  rust. — Les  Mondes,  March  8,  1884.  C 

Underground  Telegraph  Wires. — The  bulletin  of  the  French 
Telephonic  Society  calls  attention  to  a  complete  interruption  on  most 
of  the  telegraphic  lines,  for  48  hours,  caused  by  a  violent  tempest. 
The  subterranean  wires  which  united  Paris  with  the  principal  cities  of 
Northern  and  Eastern  France  worked,  however,  without  interruption, 
so  as  not  only  to  satisfy  all  their  normal  traffic,  but  also  to  supply 
much  of  the  deficiency  arising  from  the  failure  of  the  other  lines.  Had 
it  not  been  for  the  underground  wires,  Paris  would  have  been  entirely 
cut  off  from  all  telegraphic  communication  with  other  points. — Les 
3Iondes,  Feb.  23,  1884.  C. 

Galling  Dogs  by  Telephone. — In  December,  1877,  during  some 
of  the  earliest  experiments  with  telephones  in  France,  one  experimenter 
held  a  receiver  near  the  ear  of  a  dog,  while  another,  who  was  in  a  dis- 
tant room,  called  the  dog  by  name  several  times.  At  each  call  the 
animal  turned  in  surprise  and  assumed  a  most  comical  look  of  amaze- 
ment. A  similar  occurrence,  in  New  York,  has  been  mentioned  in 
some  of  the  journals.  A  lost  dog,  having  a  receiver  placed  near  his 
ear,  recognized  the  call  of  his  master,  and  replied  by  joyous  barkings 
and  licking  the  apparatus,  from  which  he  seemed  to  expect  to  see  his 
master  come  forth. — Les  Mondes,  Feb.  23,  1884.  C. 

Ancient  Metallic  Architecture. — Charles  Normand,  the  archi- 
tect who  restored  the  Vendome  column,  has  read  a  paper  before  the 
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Frctifli  Eii^ineerinj;  ScM-ifty,  u|M»n  tin*  cmploynK'Ut  of  nietullic  anlii- 
tcctiirc  iK-lorc  tin-  Clirixtiati  «Ta.  \\r  pre^-iits  eviik-iKi-  of  \\a  u-m-,  not 
oiilv  ill  tli«'  <lttail.s  of  |»ul»li<'  ami  private  •-<lifii-cf*,  Imt  ix\^)  in  the  <tw> 
tion  of  I)uil(linp4  in  \vlii<-li  iKnirly  the  entire  stnictiire  wa^  of  metal. 
Cohitniis  of  iron  an<l  hronze  were  use<l  in  many  of  the  As^»yrian  ami 
Jewi.-sli  nionuineiils,  and  sotnc  metallic  lM1lm^  of  the  Honmn  I'antheon 
were  remaining  in  the  sixteenth  ci-ntnry.  Metalli<-  joists  an<l  terni- 
cotta  panels  were  nse<l  in  <'eilinpi,  in  the  same  way  as  in  many  m<«l«Tn 
stin<tiirt«.— r/iro/i.  InthiMtr.,  March  !»,  1SH4.  ' '. 

Modern  European  Flint  Weapons.  Two  tnmuli  have  lat«ly 
iK-tii  ixpliirttl  ill  I'lat,  Ciiti-.-"  ihi  Nurd.  In  the  smaller  there  wa**  a 
medal,  with  a  portrait  of  Maximian,  who  share<l  the  throne  with  Dio- 
cletian from  284  A.  I).  t«>  .'iOo  A.  I>.  If  was  plare«i  under  a  Hat  stone, 
which  was  evidently  desipniKl  for  its  prote<'tion.  Near  it  was  an  iini 
of  gra«"efnl  outline,  c«»ntainin;;  Imimcs  antl  ash*--.  In  the  other  tninnhi", 
the  explorers  fonntl  a  sw^rd,  a  nnmlK>r  of  dajfj^rs,  one  of  >Nhieh  was 
ornament^il  with  -xnldcii  ^tiids,  ami  alKint  fiftv  flint  arrows.  It  appi^rx, 
thcrelorc,  that  tlint  was  etnployed,  to-^ether  with  metal,  a«*  late  as  the 
third  century  of  the  Christian  em. — /xx  J/o;w/r*,  Feh.  HJ,  1884.    C 

Sinking  Shafts  in  ftuicksands.— M.  llatond*-  la  (i«»npilliere 
rwad  a  paper  In-fore  the  French  8oeiel6  <l'Knconn»>fement,  u|N>n  the 
l*o«'ts<-h  method  ofsinkiiiir  >hafts  in  watery  S4>ils  and  <|uick>^indo.  .\ 
.series  ol'  hollow  iron  tiiUs,  with  cnttin;;  sidiots,  is  sunk  in  a  cin4e 
around  the  well.  Within  these,  other  smaller  tnU's,  pien'wl  with 
numerous  holes,  an-  pla<-e<l.  Throuj^h  the  inner  tulxs  a  n-frij^iTatinp 
liipiid  is  forced,  in  a  continuous  lurrent,  until  the  soil  in  the  criticral 
nei^hlM>rli(MMl  is  fro/A*n,  and  the  intru»ion  «if  the  sand  and  water  is  pre- 
vente<l  so  as  to  allow  the  sinking  «»f  the  main  tuhular  shaft. — Chnm. 
Indiiatr.,  .March  KJ.  1SS4.  (  . 

Crab-Apple  Hedges. — .V  >killful  French  horiiculturi-.t  writes,  to 
the  (/</;«//<  ili.-i  (  iunptu/ni'K,  that  m>thin^  is  more  suilahle  for  a  living 
lie<lge,  more  vigorous,  or  of  a  more  rapid  gn»wth,  than  the  wihl  cral>- 
apple.  Two-y«ir  old  st<H*ks  should  Ik?  se!  t)ut,  either  in  autumn  or  in 
spring;  a  pMnl  sprii^j  ploughing  enlivens  the  growth  ant!  cluvks  the 
wiHtls.  A  stx-ond  ploughing,  in  the  month  of  August.  isalM>  ne«'«>s>ar\-, 
and  it  there  is  g:inlen  mould  or  maiuire  to  lie  added,  s«>  much  the 
better.      The  young  plants  should  Ik*  allowtxl  to  grow,  without   pnin- 
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ing,  for  two  years.  In  tlie  third  year  they  should  be  cut  down  to 
about  10  centimetres  (4  inches)  from  the  ground,  and  then  the  shoots 
will  develop  in  all  directions  with  remarkable  vigor,  the  strongest 
growing  straight  upwards,  the  weakest  creeping  upon  the  ground  and 
intertwining,  so  as  to  form  a  barrier,  which  will  be  impenetrable  even 
by  the  smallest  animals.  When  the  hedge  is  once  started,  it  will  only 
be  necessary  to  trim  the  top  to  the  desired  height  as  often  as  is  needful, 
and  to  dig  about  the  roots  whenever  weeds  threaten  to  exhaust  the 
soW.—Les  Mondes,  March  15,  1884.  C. 

Electric  Equilibrium.  — Gore  has  investigated  the  degree  of  force 
required  in  an  electric  current  in  order  to  hinder  a  chemical  combina- 
tion. To  show  that  the  chemical  and  electric  forces  can  be  balanced, 
he  takes  a  solution  of  silver  and  of  cyanide  of  potassium  and  plunges 
into  it  two  electrodes,  one  of  silver  the  other  of  platinum.  The  silver 
electrode  tends  to  dissolve,  with  an  energy  which  depends  upon  the 
richness  of  the  cyanide  and  its  temperature.  This  tendency  is  counter- 
acted by  passing  a  current  through  the  electrode,  the  intensity  of  which 
is  measured  by  the  ordinary  methods.  When  the  current  arrests  all 
chemical  reaction  the  two  forces  are  in  equilibrium.  This  method, 
simple  as  it  is  and  susceptible  of  a  great  variety  of  applications,  is  very 
fruitful  in  results  and  opens  to  science  a  new  field  for  the  measure- 
ment of  chemical  forces. — Les  Mondes,  April  21,  1883. 

Frontal  Electric  Photophore. — Messrs.  H^lot  and  Trouv§  have 
presented  to  the  French  Academy  the  description  of  a  medical  illumi- 
nating apparatus,  to  which  they  give  the  above  name.  It  is  composed 
of  an  incandescent  lamp,  enclosed  in  a  metalic  cylinder,  between  a 
reflector  and  a  converging  lens.  The  apparatus,  which  is  very  light, 
is  applied  to  the  forehead,  and  furnishes  an  intense  glow,  the  field  of 
which  can  be  varied  by  a  slight  displacement  of  the  lens.  A  battery 
of  bichromate  of  potash  furnishes  the  electricity.  The  light  can  be 
used  for  illuminating  the  natural  cavities  or  a  deeply  situated  field  of 
surgical  operation. —  Comptes  Rendus,  April  16,  1883. 

Explosive  Waves. — Berthelot  and  Vieille  have  investigated  the 
enormous  living  force  and  pressure  which  are  .propagated  in  explosive 
waves  by  the  change  of  chemical  constitution.  They  observed  in  the 
oxyhydric  mixture  a  velocity  of  2,841  metres,  while  that  of  the  sonor- 
ous wave  is  only  514  metres.     With   the  oxycarbonic  mixture  the 
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vehicity  of  tin*  «'XpI«P<iv*f  wave  l-*  l.OHlJ  iin-tn-}*,  while  that  of  the  w»iior- 
(•U"  wavf  in  only  '.i'2H  nn'tn--.     Thi*  ••x|il«»«iori   |»r<"liiiiT.  a  -i  I 

<'hann"t«*ri«tir  wiiv«- ;   hut  lh«'  -*iion»iif«  |)h«'iiuiii«'iioii  i«  «hu*  to   > 
MUfceMHioii   of  wavuH.     The  exc«M»  of  pm   rim  i<omiiiuiii«ni<<il   to   the 
iTiLHtHdiH   iiioUi-uli~<   hy  th<'  a«1  of  rht'iiiinil  (H^fiiihiiintion,  - 

pri-cim-ainoijiit  ot' hi-at  \vhi«-h  i*'  wt  i'rvv  in  ihf  rwu/lion.      1 ..       ,,.. 

wave  \h  |)ro|Mi^ati'(J  uniformly  and  iti«  velocity  w  imle|M-mlent  of  the 
preiwuri',  hm  well  an  of  the  material  aiul  Jiamiter  of  the  tulu^,  atxive  a 

certain  limit.     The  vehnity  (itn.Htitut^-^,  for  wu-h  int!  t '  ' j-. 

a  true  MiKi-ifir  eom^tant,  the  knowUilp'  of  whit*h  |>«»%-' 
in  view  of  the  theory  of  );aM.'«>u»  niovemenl^  ait  well  an  itM  appli<-atioiu> 
in  tlie  um'  of  explofive  materials.     Tin-  •■«»ii'  '  '"    '  j,  5,^,. 

appli«iii>le  not  only  t*)  mixtun-^of  i-xplo^iv^  I  and 

liquiil  expl<i»ive  Myntenu*,  providcii  they  are  wholly  or  |urtiallv  traiw- 
formetl  into  ^in  at  th«'  moment  of  explosion. — Ann.  tie  ('him.  d  de 
Phyn.,  Maivji.   \SS:\. 

Natural  Harmonics.— <>u  (Xtohcr  -'<>,  Ihmo,  W.  .h-  Fouvielle, 
M.  i'trron,  and  ('apt.  C'hayni  made  u  pMnarkable  lKill«M>n  aMviition  in 
England  and  htrnnl  musiejil  M>und>  while  they  were  Htmtin^,  at  ^ull.•««*t, 
at  an  elevation  of  wvend  liinidre«l  m«*tn'>  altovt*  the  ^n»un«l.  In  a 
lar^e  fonwt,  situatiii  in  tin-  \Vi>t  of  Frjin»v.  during  wartu  and  <"nlra 
Mummer  liayn,  when  the  o<x>an  of  venlure  in  the  mmi  of  a  rapid  «>vapo« 
ration,  a  harmcuiioun  stmnd  i-*  often  Ii<':ipI  in  the  air,  which  '\»  widl 
known  to  the  iH-asmiH  and  which  they  adi  the  **H<,ngof  the  fona^t." 
Ahlie  Ga-4toin  olim'rvi'«l  that  the  mnonMU  vihrations  (d' the  tvolian  han» 
an*  not  hcani  when  the  air  is  a^ritat«il  liy  the  wiml.  hut  onlv  when  it  i** 
cidni,  and  harmonie  <'urrent.s  are  priMluiTnl  hy  ehan^^  of  te:n|Mnitiirv. 
TyndalTn  ex|HTiments  in  radiophony  seem  to  funii^th  a  Hati>.t"actor>- 
explanation  of  all  tlu^w  phenomena. — Hrr.  SrirnttJ.,  April  *J1.  iM.K.t. 

Dilapidiitioii  of  Bricks.  -The  destnietion  of  hrick  wulU  i-  jrvn- 
erallv  attriltiit*-*!  to  thf  mtliicrui'  of  hont,  dampiu-««>  aixl  fnr.t ;  but 
ocx-orvlinj;  to  rei-enl  oWrvation**  the  true  de>tn»ycr  Mp|ie:ir»  to  be  a 
microooopic  orfpinism,  and  the  aetiun  pnxiuixtl  by  tem|Mniturv  U  of 
wit.ndary  im|>ortnni'e.  M.  Parizc  h:i.««  examimtl  with  a  mion»oi|>e, 
the  nil  du!*t  which  in  pn»»lu(i'«l  by  the  crumbling  of  the  '  -•  '  '  '.,• 

found  that  it  contained  a  larp'  tptantity  of  minute  livin^ 
The  ma^nifyin}{  {Mtwer  of  the  instrument  was  3(Mitliametcr>. — LIh^^ 
nieur;    Chrnn.  IwluMr.,  April  22,  1H83. 
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Delauney's  Earthquake  Predictions. — Perrey,  Mallet  and 
Delaunev  have  all  made  very  iustructive  researches  upon  earthquakes, 
availing  themselves  of  records  which  extend  over  more  than  a  century, 
and  endeavoring  to  deduce  data  for  predicting  the  times  of  recurrence. 
Daul»ree  thinks  that  the  statistical  statements  are  insufficient  to  justify 
such  prediction.  Movements  of  feeble  intensity  are  felt  almost  every 
dav,  in  many  parts  of  the  globe.  Even  if  the  attention  is  directed 
almost  exclusively  to  violent  shocks,  the  data  are  necessarily  incom- 
plete, whatever  may  be  the  care  and  the  ability  of  the  observers. 
Europe  does  not  form  one-fiftieth  of  the  .surface  of  the  globe ;  vast 
parts  of  other  continents  may  be  shaken  without  our  knowledge;  and 
the  ocean,  which  covers  three-quarters  of  the  globe,  must  be  subject 
to  frequent  and  numerous  shocks,  which  are  almost  always  unnoticed. 
One  mio-ht  as  Avell  claim  to  establish  a  sy.stematic  statement  of  the 
meteors  which  fall  annually  upon  our  planet,  of  which  more  than 
ninety-nine  per  cent,  remain  unknown  to  us.  —  Comptes  Rendus,  Oct.  1, 
1883.  C. 

Cause  of  Earthquakes. — Daubree,  in  discussing  the  recent  earth- 
quakes in  Europe  and  Asia,  presents  many  objections  to  the  theory  of 
falling  rocks  in  internal  chasms,  and  thinks  that  all  the  phenomena 
can  be  satisfactorily  explained  by  the  action  of  superheated  steam.  He 
refers  to  the  well-known  craters  of  explosion,  such  as  Lake  Pavin,  in 
Auvergne,  where  the  stratified  rocks  have  been  cut  sharply  through,  as 
if  by  a  punch.  The  modern  experiments  M^ith  gun-cotton,  nitro- 
glycerine, and  dynamite,  have  often  shown  pressures  of  more  than 
6,000  atmospheres,  and  produced  results  which  could  hardly  be  wrought 
by  the  pressure  of  weights  600,000  times  as  great  as  that  of  the  explo- 
sives. Superheated  steam,  when  set  in  movement  by  such  simple 
mechanism  as  nature  often  presents,  would  account  for  all  the  action 
of  earthquakes,  their  violence,  their  frequent  succession,  and  their 
recurrence  iij  the  same  regions  for  many  centuries.  It  also  explains 
the  predilection  of  earthquakes  for  regions  where  there  are  numerous 
faults,  especially  if  the  dislocations  are  recent.  Earthquakes  appear 
to  be,  in  many  instances,  like  subterranean  volcanic  eruptions  which 
are  smothered  because  they  find  no  outlets.  The  motive  power  of 
gases,  of  which  we  see  the  gigantic  eifects  in  the  solar  jets  or  protu- 
berances, appears  also  to  be  considerable  enough  beneath  the  surface  of 
our  planet  to  explain  all  the  effects  of  earthquakes. —  Comptes  Rendus, 
Oct.  8,  J  883.  C. 
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Solar  Protuberances  Fave  Hii^f^^e^ti)  the  prwit  {>n»ljttliility  that 
hv(lri)j;iii,  \vli«n  <>«-ij(iii^  r:i|ii<llv  into  tin*  nin*  nKtliiiiii  wliii-li  '•urn>iiiiiU 
the  photosphere,  i.**  at  hp<t  chilled,  on  an'oiiiit  ot'  it^  eiiorninax  dilata- 
tion, and  heeomi-M  invihihic  lo  the  M|)fctnMtv>(M*.  AnerwnrtL",  uiMh-r 
the  artion  of  Holar  radiation,  it  i.M  rehiiitt^l  in  varion.><  phw^»>,  so  an  to  I- 
seen  hy  our  iiiMtrunienti*.  An  ol>^«Tver,  who  nhouhl  return  arter  .t 
half  hourV  interval,  to  eon l«'ni plate  the  phenomenon,  would  fiiui  the- 
pnitulx-nmee  wonderfully  eidar)((ti,  without  the  hydnj^*n  having;  been 
re«jiiire<l  to  tniverxe  enorniou'*  niKin-s  in  the  ni«nn while.  Father  S>«"«hi 
Niw  >niull  isolatetl  cloudo,  forming  and  ^row  inu'  '•iiMultan<*oiL'<ly  without 
visible  ttjnntvtion  with  the  chninxw^pherc,  ap|tarently  in  the  tuinic  way 
ns  tli«*  «*loud««  which  are  formni  in  our  own  aitini^plH-n-.  rrmii  tin-  v:i|»<>r 
which  already  exist.*'  in  tlu;  air,  but  which  in  latent  and  n-n)ain!<  invitti- 
ble,  until  a  ItN-al  cooling,  or  a  chanp>  of  pretisure,  determines  it«  oon- 
den.'<atiun. —  ('umpffn  JirmiuM,  ih't.  H,  IHH.'I.  Q, 

General  Law  of  Congelation  of  Solvents. — The  fart  that 
water  (Miip'als  at  a  lower  lctn|Mratiiri-,  wli.n  it  li<»Ms  •<iliiic  matter  in 
solution,  than  when  it  is  pure,  was  known  during  the  la-t  i^iititrv.  In 
17H8  ]{l:i^den  ^howt^l  that  the  lowering  of  the  |M>int  of  conp>hition 
was  |>ro|Hirtii»nal,  in  many  ctix-*,  to  the  quantity  of  matter  di.«v«olve<l, 
8ul>se«juently  I>t?*pret/,  lectin  l>ufour,  Kudortl',  and  de  ( 'op|M-t  have 
Meritie<l  Hla^den'n  law;  and  KudortV  ha^  explaineil  various  aiiotuuliis) 
by  the  fad  that  the  di.>«mlve«I  sjilt^  are  winn'  of  them  anhvdrou.s,  while 
others  an-  hy«lr.itirs.  Prof.  Il-ioidt,  of  (in-noble,  has  expi-rimentetl 
u|M»n  various  groups  of  minend  and  «»r^inic  stilistanct's,  iu  onUr  t«»  till 
the  hu'Uiue  which  have  In-vn  left  by  previous  invi?<tipitors,  and  luifi 
arrive*!  at  the  f«>llow  ini:  conclusions  :  1 .  Kvery  solid,  liquid,  or  jpf*»>ous 
IxhIv,  when  diss4ilveil  in  a  dttinite  liquid  o>m|M)und  whi<-h  is  c:iud>lo 
of  .>«oIidiHcation,  lowerM  its  |>oint  of  cttn^dation.  '2.  In  two  M|Mt>imeii.H 
of  any  Ixwly,  the  purest  is  the  one  which  s^didifics,  i»r  r:itlier,  which 
melts  at  the  highest  tem|)eratun\  .'{.  The  atomic  or  mohvular  lower- 
injf  is  sensibly  constant  for  each  Jiolvent.  4.  In  weights  of  ditVer^-ni 
solvents  which  are  pn>|M»rtioiud  t«>  their  atomic  weighL*,  the  htweriiiK 
at  congelation  is  inde|M'ndent  of  the  nature,  l>oth  of  the  S4>lvent  and  of 
the  ImhIv  dissolvti).  —  f  V>m/ »/<•*»  lumlmt,  CVt.  !•">,  \HHl\.  (\ 

Electric  Aerostat-  —  A.  and  <J.  Ti<<andier  made  their  ur-i  as<Ynl 
with  their  cl.«ctrii-   Uilloon,  on  (X'toUr  8,  1SS;{.     The  italhion  wa**  28 
Wholk  No.  Vol.  CXVU.— (Third  SKRin.  Vol.  lixxriL)  so 
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metres  lono;,  and  9*20  metres  in  diameter  at  its  centre.  It  was  inflated 
with  hydrogen  gas,  nearly  pure,  and  having  an  ascensional  force  of 
1,180  grammes  per  cubic  metre.  The  weight,  including  the  electric 
motor  and  all  its  accessories,  was  704  kilogrammes.  When  the  helix 
was  driven  with  180  turns  per  minute,  it  yielded  a  work  of  100  kilo- 
grammetres  and  drove  the  balloon  through  the  air  so  as  to  produce  a 
brisk  wind.  When  the  head  of  the  balloon  was  pointed  towards  the 
wind  it  could  be  kept  immovable,  although  the  wind  was  blowing  at 
the  rate  of  about  eleven  kilometres  per  hour.  By  the  help  of  the 
rudder  considerable  deviations  were  made,  both  to  the  right  and  to  the 
left  of  the  wind's  course.  —  Comptes  Rendiis,  Oct.  15,  1883.  C 

Observations  on  the  Pic  du  Midi. — Thollon  and  Trepied  have 

made  some  special  observations  on  the  Pic  du  Midi,  preparatory  to  the 
proj)osed  establishment  of  an  astronomical  observatory.     The  height 
is  sufficient  to  reduce  the  thickness  of  the  atmospheric  screen  by  about 
one-third,  the  portion  which  is  left  below  being  the  one  which  contains 
the  greatest  amount  of  mist,  vapor  and  dust.     By  masking  the  sun 
with  an  elongated  screen  they  were  able  to  see  Venus,  by  the  naked 
eye,  when  within  two  degrees  of  the  solar  disc.     The  disc  often  had  a 
sharpness  and  steadiness  such  as  they  had  never  observed  elsewhere, 
at   Nice,   in    Italy,    in    Algeria,    or   even   in    Upper   Egypt.      The 
solar   spectrum  often   appeared    crossed,   through   its    whole   length, 
by  a  considerable  number  of  fine  striae,  some  brilliant  and  others 
obscure,  which  they  could  attribute  to  nothing  else  than  granulations 
of  the  photosphere.     The  hydrogen  lines  C  and  F  were  not  continuous, 
but  formed  of  distinct  fragments,  of  the  same  order  of  magnitude  as 
the  intervals  of  the  strife,  showing  conclusively  that  the  chromosphere 
oifers  a  system  of  granulations  analogous  to  that  of  the  photosphere. 
The  two  systems  are  separated  in  the  spectroscope,  one  giving  a  con- 
tinuous spectrum  and  the  other  a  spectrum  of  lines.     They  are  blended 
and  confounded  in  a  telescope  or  in  a  photograph.     It  is  well  known 
that  there  are  eight  brilliant  lines  in  the  chromosphere,  visible  under 
ordinary  circumstances.     On  the  Pic,  during  the  five  days  on  which 
observations  could  be  made  at  a  favorable  hour,  the  immber  of  lines 
was  increased  to  over  thirty,  in  the  portion  of  the  spectrum  which  is 
comprised  between  D  and  F,  thus  giving  results  very  similar  to  those 
which  are  obtained  during  a  total  eclipse. —  Comptes  Rendus,  Oct.  15, 
1883.  C. 
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Aurora  Borealis  at  Behring  Strait. — Nonlt-iwkjold  hat*  |ml>. 
lihlM-il  hi^  «il*n«'rvatioiii  of  tht*  aun»ru   Imn-ali"*  on  tin*   IV»/<i,  ■  e 

wiiifcr  of  1X78-9,     They  l«-:ul   him  to  oonrluih*  lltat  cveu  -i ^    ;i*c 

yean  of  Uimt  aun>rul  intciiHity,  Uie  globe  u  MjiT«>iiii«litl  by  a  luminous 
oonma,  \vhi<*h  i'*  ncurly  ttiniitant,  and  which  may  U*  oinipic,  double,  or 
multiple.  Whih*  the  JV'/n  wiuj  in  il«  winter  «|UarterH  the  con>na  wa» 
UNiiully  at  a  height  of  O.'i  of  the  iiirth'?*  ^4*mi -diameter  1 1  Il»  miUm^  ajnl 
the  centre  eoinelde<l  with  a  point  lielow  the  flurfafx.*  and  a  little  north 
of  Ujf   niairiM'tir   |M»le.      Tlu"   ■  villi  a  •lianu-ter  •'!'     '  'tU  of 

the  ••Jirth's   nidiii-*  (l,J»»H   mil-  iliil  in  a  plan*-,  |m  ;  .  ilar  to 

the  radin*^  which  |HL*««eri  through  itJt  cvntnd  |M>int,  thiu  indicating  that 
its  bright  al)ovr  the  .Hiirfa*-*'  of  the  glolx-  i«*  I'VfrywIu'n-  uniform.  The 
outline  I-*  nearly  circular,  with  .•flight  oscillation?*  in  the  diiinicter  of 
the  circle,  and  even  in  the  |Mi?«ition  of  itj)  oeutre  ;  InU  in  magiu'lie  Moniut 
the  changes  may  Im-  nipid  and  consi<lerable.  .\fier  repeati"*!  ulK-rva- 
tiouH  with  the  |MiIari?»<"«|M',  there  wa*  a  univer>«|  rotivirlinn  that  the 
light  had  no  appn<ciable  polari/Jition.  The  whole  |ia|MT  i^  one  of  the 
mo^«t  intere;«ting  that  ha.**  ever  Imh^u  publi^lu^d  u|>on  the  subject.  —  Ann, 
<h  (Vim.  rt  (I,-  Phys.,  .?an.,  1  SM4.  C. 

HiBtory  of  Brass. — IMiny  !<peik^  of  calamine  tL»  U'ing  produced 

in  iiH-Uiiig  ruriiai-»~«  when  /inc  or»-s  wer»'  U"*«"«I.     \  ■'       "      *      '     '.•, 

the  |H-ople  living  in  th«*  n  -ii;lib<irh«MHl  of  the   ]'•  ~^  -..e 

in  onler  to  give  i>»p|M'r  a  U^juitiful  g<»ld  o»|ur.  The  alloy  of  citpiMT 
and  zinc  had  no  ojM-iMal    name  atnong  the  Konian-^ ;   it    '  d 

only  at  a  iM-aufitully  «i»lon'<l  **  fir*."      In   the   middle   a^  k 

name  "  orei«*halko(*,"  or  mountain  o»p|>er,  wat*  cMmmonlv  uscii.  The 
nichemist.t  of  the  middl«>  ag«f«  lielieved,  like  their  pnilit^-s«i<tr<»,  that  the 
«x»p|K'r  was  simply  njlontl  by  the  calamine.  .Metallic  /inc  U  first  inen- 
tionwl  in  the  fifjeenth  ivntury,  by  I'araivUus,  Uit  iti*  relation  to  bra?* 
wa.H  not  fully  underittotMl  until  a  later  ilate.  The  manufaetuni' of  braM 
wa.s  c:irri»il  on  i^^jKHMally  in  Flanders,  Cologne,  Nurvmlierg,  ParU  and 
Milan.  —  />»fiv/»r'j»  Jmirnn/,  i  )c(..  1  SS.l.  (  ' 

Slow  Movements  of  the  Soil.— l>.itii>i.^  i.  uulnn.h 

AnuUiny.    with    flattering   en<H>mium.H,   the  w.m  -t'.  A.  I-^-I.  of 

penoa,  on  the  Slow  OM'illatioiiK  of  the  (trouiid.  Fave  examines^  the 

question  from  the  xtandiMtint  of  C     '  o 

readv  to  sacrilii-e  the   ideji  which  <  - 
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dier  and  Elie  de  Beaumont,  of  the  progressive  cooling  of  the  earth. 
In  the  beginning,  when  the  planet  was  in  a  state  of  complete  fusion, 
its  exterior  form,  coinciding  with  its  mathematical  form,  was  that  of 
an  ellipsoid  of  revolution,  flattened  at  the  poles  and  turning  around 
its  smaller  axis.  To-day,  after  the  slow  oscillations  of  the  soil  have 
acted  during  millions  of  years,  the  globe,  crumpled  and  deformed, 
presents  on  one  hemisphere  an  accumulation  of  emerged  continents, 
and  on  the  other  a  solid  crust,  profoundly  depressed  and  covered  by 
water.  In  spite  of  these  striking  deformations  and  the  alteration  of 
the  visible  contours,  the  mathematical  figure  of  the  earth  has  remained 
an  almost  perfect  ellipsoid  of  revolution,  as  at  the  beginning ;  the  globe 
has  not  ceased  to  turn,  in  a  stable  manner,  around  its  smaller  axis,  and 
the  variation  of  weight  from  the  equator  to  the  poles  has  not  under- 
gone the  slightest  modification. —  Comptes  Rendus,  Oct.  1,  1883.        C. 

Interpretation  of  Spectroscopic  Phenomena. — Faye  rejects, 
as  fobulous,  the  velocities  of  100  or  loO  leagues  per  second,  which 
seem  to  be  indicated,  at  the  sun's  surface,  by  the  prodigious  rapidity 
with  which  the  protuberances  are  formed,  and  the  partial  displace- 
ments which  are  observed  in  the  hydrogen  lines.  Thollon  contends, 
however,  that  the  velocities  which  are  indicated  by  each  of  these  phe- 
nomena are  quantities  of  the  same  order,  and  that  their  maximum 
value  corresponds  to  the  cometary  velocities  in  the  same  region.  Every 
movement  of  luminous  matter,  which  approaches  us  or  recedes  from  us, 
undoubtedly  produces  a  displacement  of  spectral  lines.  No  theory 
indicates,  and  no  fact  demonstrates,  that  any  other  cause  is  fitted  for 
producing  the  same  effect.  It  is,  therefore,  very  natural  to  consider 
such  displacement  as  an  indication  of  movement. —  Comptes  Rendus, 
Oct.  1,  188n.  C. 

Semi-Incandescent  Electric  Lamp. — P.  Tihon  has  exhibited 
to  the  Lyons  Society  of  Industrial  Science,  a  lamp  in  which  he  has  sought 
to  combine  the  intensity  of  the  voltaic  arc  with  the  steadiness  of  the 
incandescent  lamp.  When  the  carbons  are  brought  in  contact,  the 
resistance  is  almost  destroyed  and  the  light  is  fixed,  but  very  feeble. 
It  is,  therefore,  necessary  to  preserve  the  arc,  in  order  to  secure  inten- 
sity, and  for  steadiness  it  is  also  necessary  to  give  the  current  a  solid 
pathway,  instead  of  abandoning  it  to  the  medium  of  the  atmosphere. 
In  order  to  secure  both  of  these  ends,  the  inventor  places  a  small 
prism  of  chalk  vertically  between  two  carbons,  which  are  slightly 
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inclined  aji^ain>t  it  at  tli<.'ir  upper  extremities.  The  «,'nrrent  raiMs  the 
ehalk  to  a  t«in|Hratnn'  «iniilar  to  that  of  the  arc  it.s<'lf,  an«l  im-n-aMs 
the  condiKtiliility  sufficiently  to  maintain  the  arc  ami  avoid  t^udileu 
extiiKtions.  J'he  incande?«<'en(«  of  the  cimlk  cannot  vary  so  rapidly  as 
the  current,  so  that  the  prism  server  as  a  fly-xrheel,  al)s<jrl)ing  the  heat 
of  the  arc,  transf'orminjr  it  into  li^;ht  Ijy  its  own  incandc}<cence,  and 
distrihutinj;  the  li^ht  with  irnat  re^ruiarity. — Lc«  Mondcs,  Septend^T 
8,  1883.  C. 

Applications  of  the  Phonic  Wheel.— Du  Moncel  describes 

iiiiiiHTous  iiscrui  applit-atioiis  of  ilic  j)li«)iiic  wheel,  esj>eciallv  in  meas- 
urements of  tim<'.  Various  chntnojrraphs  have  Ikh-u  <levise<l  for 
mejusurin^  very  small  intervals  of  time,  which  oc«ur  iK-tween  different 
phases  of  every  j)h<'nnm<'nou  which  out;  may  wish  to  studv.  In  ortler 
to  obtain  surh  mcasurement.s  it  is  essential  to  have  a  jK'rf"<-<-tly  uniform 
movement  on  the  pari  of  the  motor  whi<h  is  cjdietl  upon  to  furnish 
the  indications.  The  |)honic  wheel  rcsolvcis  this  problem  precisely  and 
in  the  most  simple  nuinner.  M.  Lacour  sjiys  that  if  we  c:dculate  the 
limit  of  error  which  can  result  from  this  system  of  measurement  we 
shall  find  that  it  is  lcs>  tli:iii  .y\^  of  one  per  criit.  The  mrxle  of  action 
of  the  phonic  wheel  makes  it  applicable  to  rlcK-kwork  in  some  (•:tst.'s. 
Jn  fact,  as  three  systrjus  of  a|>paratus  concur  in  its  operation  an«l  as 
these  systems  can  l>e  plaee<l  at  any  desire<l  <iistan<'e  apart,  tht-  vibrating 
apparatus  may  be  arran;re<l  under  su»'h  ("onditions  that  the  external 
i-auses  whic-h  act  uj)on  chronometers  will  Im-  controlhil,  and  then  the 
counting  apparatus  which  is  diiivted  by  the  phonic  wheel  will  furnish 
indi«»tions  rigorously  exact,  in  any  convenient  placv.  Sincv  many 
])honic  wheels  can  be  intnxlu<'<xl  in  the  same  cin-uit  we  c:ui  have  manv 
clocks,  with  movcnu'iits  which  are  altoi^ethrr  svnchronous.  The  s<v- 
onds'  hand,  or  any  other  which  moves  still  more  nipidly,  cjin  ait'om- 
pUsh  its  revolution  without  shock  and  in  a  manner  which  is  perfe<-tly 
regular. —  /,</  Lnm.  I'^n'trltjin,,  .\pril  21,  1S8.3. 

Arsenic  in  Wines. — A  wine  menhant,  having  nxviviil  eom- 
j)laints  of  his  wines,  asked  Barthelemy  to  make  an  analysis,  which 
resulted  in  the  discovcrv  of  considerable  ipiantities  of  arsenic.  I'|>on 
inquiry,  it  was  found  that  the  proprietor  was  in  the  habit  «>f  i-leaning 
Ins  ciisks  with  dilute  sulphuric  acid,  which  is  very  apt  to  ctMitain 
arsenic.  That  this  wi\s  the  source  of  the  difficulty  ^-as  shown  by 
examining  the  wine  in  new  casks,  and  finding  that  it  was  free  from 
poison. —  CompU-^  Heniiu^,  Ovt.  1,  188.i.  V. 
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Waterproof  Clothing. — In  order  to  remedy  the  inconveniences 
to  which  soldiers  are  exposed  in  stormy  weather,  the  Belgian  govern- 
ment proposes  to  make  their  clothing  perfectly  waterproof.  The 
experiments  at  Vilvorde  have  satisfied  physicians  that  cloths,  which 
are  prepared  with  a  salt  of  aluminum,  do  not  hinder  cutaneous  respira- 
tion, and  chemical  analysis  shows  that  they  lose  neither  their  quality 
nor  their  color.  More  than  10,000  yards  of  cloth,  after  having  been  sub- 
jected to  repeated  severe  washings  and  tests  of  different  kinds,  preserved 
their  impermeability  until  the  threads  were  worn  completely  through. 
The  greatest  objection  to  the  process  is  its  cost,  A  suitable  acetate  of 
aluminum  is  obtained  by  preparing  separate  solutions  of  alum  and 
acetate  of  lead.  When  these  solutions  are  mixed  the  lead  is  precipi- 
tated in  the  form  of  a  sulphate. — Les  Mondes,  September  1,  1883.    C. 
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[Proceedings  of  the  Stated  Meeting,  held  May  21,  1884.] 

Hall  of  the  Institute,  May  21,  1884. 

Mr.  William  P.  Tatham,  President,  in  the  chair.  Present  132 
members. 

The  minutes  of  the  April  meeting  of  the  Institute,  of  the  Board 
of  Managers  and  of  the  various  standing  committees  were  reported 
and  approved.  16  persons  were  reported  to  have  been  elected  to  mem- 
bership at  the  last  meeting  of  the  Board. 

The  paper  for  the  eveuing,  "  To  Chicago  in  Seventeen  Hours,"  by 
W.  Barnet  Ijc  Van,  in  the  absence  of  the  author,  was  read  by  the 
Secretary.  It  was  discussed  by  Messrs.  Hugo  Bilgram,  Cyrus 
Chambers,  Jr.,  and  J.  W.  Nystrom.  The  paper  witli  the  discussion 
thereon  has  been  referred  to  the  Committee  on  Publication. 

A  description,  illustrated  with  perspective  and  sectional  lantern  views^ 
of  the  Master  Crusher  and  Pulverizing  Mill  was  read  for  Mr.  C.  Henry 
Honey,  by  the  Secretary. 

The  Secretary's  report  embraced  remarks  on  the  possibility  of  util- 
izing certain  wasted  natural  forces,  and  in  connection  therewith,  an  illus- 
tration of,  and  remarks  on  Captain  John  Ericcson's  Solar  Engine ;  the 
present  position  of  the  Tehuautepec  Ship  Railway  Project  of  Capt.  Jas.  B. 
Eads ;  and  on  the  Water  Gas  Controversy  in  Massachusetts.  The  follow- 
ing mechanical  inventions  were  also  shown  and  described.  The  System 
of  Balancing  Machinery  devised   by  the  Defiance  Machine  Works 
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of  Defiance,  Ohio,  a  handsome  workinj^  model  of  which  was  prejientt-*! 
lo  tlio  Institi'TK  hv  thf  ( '<»in[i{iny.  DiefrrMlorfcr'*  Anti-frif-tioii 
Bearin^^.  A  -Mcajsurinj^  Machine  (four  inches  cajKicity)  <levifti"«l  hy 
Prof,  .1.  E.  Sweet,  and  mamifactnreil  by  Uie  SynKJwe  Twist  Drill 
Company  of  Syratru.se,  N.  Y.  An  Automatic  Nut  for  Vehi<-le  Axles, 
invented  hy  Mr.  A.  Anderson,  of  (Joltz,  Md..  and  a  Nut  lyxk. 
invcntcil  hy  TlionuLS  Curry,  of  I'hiladelphia. 

A  photo^niphic  vie  \v  <»f  a  series  of  jjun  and  pistol  lttrn*ls,  which 
had  Ih-'cu  hurst  hy  firing;  the  s;iinc  when  <»l>structeil  hv  "  stuck  "  hidh-ts, 
wet  sand,  mud,  ct*-.,  was  >howii  on  lichalf  ».f  Mr.  \ViIIi;irM  M<I\. 
Heath. 

Mr.  (i.  M.  I01dri<lj;e  oHcri**!  the  followinj^  preamble  and  resulutiuu, 
which  after  some  debat<'  were  ad<)pte<l,  viz: 

"  WiiKREAS,  The  forthcoming  Internati(»nal  Elec1ri<al  Kxhibition 
of  the  Franklin  Institute  will  present  a  school  of  instruction  in 
elet'triod  sc'ienc<^  unpandlele<l  in  Americ:» ;  and 

"  WllEltKAs,  It  is  d<->iiiible  that  the  youth  of  this  city  should  luive  a 
full  enjoyment  of  the  licnefits  thus  offeretl  ;  therefore, 

"  JitMolvfd,  That  the  lioanl  of  h^luctition  of  the  City  of  I'ljila- 
delphia  Ik;  re<juesteil  to  make  an  onler  that  the  scholars  at  all  the 
grammar  schools  and  hi^h  s<"hools,  who  may  <lesire  to  visit  the  Kleetri- 
cal  E.xhibition,  may  do  so  uiuUt  the  chaiye  of  their  teachers,  a-*  a  sul>- 
stitute  for  a  school  scission  on  days  to  l)e  ti.\e«l  by  the  IJoanl." 

Mr.  .1.  W.  Nystrom  offere<l  stmie  objections  to  tiie  re-ults  of  the 
tests  of  the  nunlel  of  the  (laflney  boiler,  as  rejx>rtetl  at  a  previous 
meeting  by  Mr.  S.  Lli.yd  ^^'i(M.ralld. 

Adjournetl. 

Wn.i.iAM  II.  W \iii.j  Srcrfiary. 


Annudl  Report  of  the  Director  of  the  Drawing  Schooi  of  the  Frank/in 
InKtitutf  for  tJie  S<'ssious  ISS?-/SS,), 
The  progress  of  the  Drawing  S-luxiI  for  the  year  which  ends  tins 
evening,  has  l>een  very  .sjitisfactory.  The  methods  of  instruction  have 
Ik'cu  improve*!,  the  facilities  increase* I,  and  an  advance  made  in  ever}' 
particular.  Much  of  the  work  done  l)y  the  pupils  will  Ixnir  a  critic:il 
examination  as  to  tiie  thought  and  study  involvtti  and  sis  to  the  execu- 
tion. The  sjHvimens  exhibitt^l  this  evening  illustnue  the  system  of 
instruction.  Thosi'  from  the  Junior  Mtxhaninil  Classy*  >lu>w  a  thor- 
ough course  in  Plane  Cietimetry,  and  an  intrtxluction  to  the  principles 


472  Proceedings,  etc.  [Jour.  Frank.  Inst., 

of  Projection.  This  gives  the  student  a  familiarity  with  the  names 
and  forms  of  the  principal  lines,  shapes  and  magnitudes,  with  which 
he  has  to  deal,  teaches  him  graphical  methods  of  solving  problems, 
impresses  upon  him  the  importance  of  care  and  accuracy,  and,  at  the 
same  time,  initiates  him  into  good  form  as  regards  using  his  imple- 
ments.    These  classes  have  been  in  charge  of  Mr.  George  S.  Willits. 

The  drawings  from  the  Intermediate  Mechanical  Classes  give  an 
idea  of  the  importance  we  place  upon  a  thorough  knowledge  of  Projec- 
tions. A  careful  examination  of  them  will  show  many  intricate  prob- 
lems, which  would  puzzle  the  most  expert ;  and,  it  must  be  admitted, 
that  a  student,  who  has  obtained  a  clear  understanding  of  them,  is  well 
prepared  for  any  difficulties  that  may  occur  in  actual  work.  Particular 
care  is  taken  with  this  branch  of  the  subject,  because  it  is  the  funda- 
mental basis  of  mechanical  drawing,  and,  at  the  same  time,  is  not 
properly  understood  and  appreciated  by  draughtsmen  generally.  These 
classes  have  been  in  charge  of  Mr.  Carl  Barth. 

The  drawings  from  the  Senior  INIechanical  Class  show  the  applica- 
tion of  the  principles  learned  in  the  other  classes  to  the  making  of 
working  drawings  of  machinery.  In  this  class,  some  complete  machine 
of  an  interesting  nature  and  good  design  is  taken  as  a  study,  its  use, 
operation  and  construction  explained,  and  the  class  is  required  to  make 
detailed  drawings  of  it,  to  scale,  after  the  manner  of  our  best  draughting 
offices,  special  attention  being  given  to  accurate  measurements,  the 
proper  use  and  distribution  of  dimension  lines  and  figures,  the  employ- 
ment of  sections  and  shade  lines,  and  all  the  technicalities  of  mechan- 
ical drawing.     This  class  has  been  in  charge  of  the  Director. 

In  the  Architectural  Class  considerable  original  work  has  been  done 
and  some  desio-ns  made  which  are  intended  for  actual  construction. 
The  making  of  plans  and  elevations  of  building.s,  and  details  of  inte- 
rior and  ornamental  work,  are  the  features  of  this  class,  which  has 
been  in  charge  of  Mr,  Edward  S.  Paxson. 

The  drawings  from  the  Free-Hand  Class  show  marked  improvement 
this  year.  This  is  due  in  great  measure  to  the  better  facilities  and  to 
the  additions  made  to  the  collection  of  casts.  In  this  class,  the  student 
first  draws  from  flat  copies  graded  according  to  his  skill,  and  after- 
wards from  casts,  commencing  w4th  simple  geometrical  figures  and 
advancing  up  to  the  human  form.  This  class  has  been  in  charge  of 
Mr.  Edward  S.  Paxson. 

The  following  students  deserve  honorable  mention  for  the  interest 
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tliov  have  taktMi.  tlio  rr-irnlarity  of  tlu'ir  :itteM<lan«f,  an«l  tho  •»nperiority 
of  tlioir  work  : 

In  the  S.iiior  M.vlianical  ('las<.  Willi-  II.  <ir..at,  .lolm  >.  \\  il-^.n, 
JarncM  (i.  Davis,  Mi-s  K.  .1.  I^mp-tntli.  Ilarrv  P.  Kwen.  J<.jm  Way 
Atkin.'*,  Alplinii-o  K.  Kirs<-hiicr. 

In  tlu'  Int<  riiKMliati-  M<<liaiiical  ('la.ve>. —  Hugo  L.  llmul.  M.  I'lil- 
mann,  .lames  M.Cox,  Jr.,  .1.  Ilerbirk,  V.  K«»rlx-n.s<'n.  Ki-hiL  /nimi.  r- 
iiiami,  li<'iijaiiiiii  W.  RevH. 

Ill  iIk'  .hiiiinr  McH-hanicJil  ('lasn-s. — A.  II.  Ii«-n,  .I«wt*i>li  Trotiiimu, 
Mi-ss  Mary  .1.  Cnlwcll,  KIw.mxI  M.  liowaii.l.  .laiin^  ( '.  HicMU-,  .Ir. 

In  the  Architectural  C'litss.  -Thomas  Sliiiit'»n.  (^-or^'  1*.  •I;«<kj54>n, 
James  J.  Allen. 

Orawiii^  from  (^u^ts, — Thomas  Kapm,  A.  M.  (  haiullir. 

In  Frcc-IIand  Drawing'. — Inhii  WalKoM.  .lamt-  I>iinii.  (Icoriro 
Ilij^hley,  John  Dncrinj;cr. 

The  following  students,  at  the  cl«>se  of  the  Winter  Tt-rm.  re«viv«tl 
scholarslups  from  the  H.  II.  Bartol  Fninl,  etjtitlin;;  them  to  fre«' atli-ml- 
anci'  (luring  the  Spring  Term  : 

Willis  II.  (iroat,  Miss  K.  J.  Longstreth,  John  Way  .\tkins.  Janus 
Ci.  Davis.  Charles  von  Herirer,  Jostph  K«lel,  Hu;r'»  I^-  Hniul.  C.  W, 
Ke^ester,  J.  E.  I'ugh,  William  Kinlu-.id,  Charles  Fleniinj;,  K.  K<»11». 

The  following  students,  haviiit;  coinpiettxl  a  full  coun«e  of  four 
terms,  are  a\varde<l  ccrtifiejites  to  that  etfei-t  : 

In  Mechaniad  Drawinj;.  —  Ilarrv  I*.  Kwen,  Al{»hon>o  K.  Kir^-hner, 
James  T.  Haker,  M.  Morgan,  Henry  M.  Lutz,  John  F.  Ahl»ott, 
Alphonsu.s  Jones,  Fre<lerick  Weyman,  Isiuic  C.  Menvr,  Fre<Ierick 
Kalessc,  Otto  W.  Man/,  William  Newhignrinj;,  Charli-s  A.  Kimert. 

In  Anhite<tural  Drawinj;. — Georg<'  F.  .laekson,  James  J.  Allen, 
tlohn  Duerinjjer,  Fre<lerick  O'Neill,  William  F.  Cook. 

In  Free-IIand  Drawing. — Ktiward  A.  .Miller,  Fretlerick  Heutlinjjer, 
Charles  Fleniin^^  W.  H.  I*al)6t. 

Tiie  following  students  are  awanled  Free  Scholarships  for  the  next 
term,  U«ginning  SeptemlM-r  W,  1884  : 

Miss  K.  J.  Longstreth,  M.  Uhlmann,  .V.  II.  Lea,  Jo>eph  Trottman, 
James  J.  .Vllen,  Thomas  Kagjin. 

They  will  present  tijemseivi^  to  the  Actuary  at  that  time  and 
nwivo  their  tickets. 

W  I  I.I.I  \M    II.   TIIOHNK. 

Diirctor. 
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List  of  Books  added  to  the  Library  during  October, 
November  axd  December,  1883. 

(Concluded  from  page  399.) 

Haldane,  R.  Workshop  Receipts.  Second  Series.  London.  Spon, 
1883. 

Hamilton  Ohio.  First  Monthly  Report  of  the  Trustees  of  the  Water 
Works.     1883.  From  the  Chief  Engineer. 

Hartford  Conn.  Annual  Reports  of  the  Board  of  Water  Commiss- 
ioners.    1857-1883.  From  the  Chief  Engineer. 

Heap,  D.  P.  History  of  the  Application  of  the  Electric  Light  to 
Lighting  Coast  of  France.     Washington,  1883. 

From  A.  B.  Johnson,  Light-House  Board. 

Hitchcock.   Address  before  American  Geologists.     1841. 

Hodgson,  Fred.  T.  Builders  Guide  and  Estimators  Price  Book. 
New  York  Industrial  Publishing  Company.     1882. 

From  the  Company. 

Hodgson  F.  T.     Guide  and  Estimator's  Price  Book.     New  York. 

Industrial  Publishing  Company.     1882. 

Hodgson,  F.  T.  Hand  Saws.  New  York,  Industrial  Publishing 
Company.     1883. 

Holvoke,  Mass.  Annual  Reports  of  the  Water  Commissioners  and 
Water  Board  for  1874,  1875,  1877,  1878,  1880-1882. 

From  the  Chief  Engineer  of  the  Water  Department. 

Hoskier,  V.  Electric  Testing  of  Telegraph  Cables.  Second  edition. 
London:  Spon,  1879. 

Hoskier,  V.  Laying,  etc..  Electric  Telegraph  Cables.  London : 
Spon,  1878. 

Hough,  F.  B.  Reports  upon  Forestry.  Vols.  2  and  3.  Washing- 
ton, 1878  and  1882.  From  Department  of  Agriculture. 

Houston,  E.  J.  Elements  of  Chemistry.  Philadelphia:  Eldridge 
&  Brothers,  1873.  From  the  Author. 

Hydrographic  Office.  Navy  Department,  U.  S.  Nautical  Mono- 
graphs.    Nos.  1-4.  From  the  Office. 

Hydrographic  Office.  Navy  Department,  U.  S.  Pilot  Chart  of  the 
North  Atlantic  Ocean,  and  Supplement  for  December,  1883. 
Washington.  From  the  Office. 
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Light-Keo|XTs.     Instructions  to.     July,  1881. 

From  A.  B.  JohnsK»n,  Light-IIoa«se  Ii<Kinl. 

lii^lit"*.      LLst  of.      In  the  Waters  arnl  on  Shores  and  Hanks  of  I^tken 
and  Rivers  of  the  l'nite<l  Stat»>.  .January,  1H8.J.      W'lt^hinj^on. 
Fmni  A.  IJ.  Johnson,  Liglit-Hoiise  Board. 

Lives  of  licueliietorH.     New  York,  1844. 

From  B.  li.  M.Kinley. 

IjOckwtKMJ,  J.  I  >.  P^lectrital  Meaf*urenient  and  liie  Galvanonicter. 
New  York.     Bunnell  &  Co.   IHH.J. 

Locomotives  with  Wheels  with  two  TircM.     Na|)oli,  1MH2. 

Locomotive,  The.     1877-1H71>.     In  1   Vol. 

From  J.  M.  Allen,  Prtsident  Ilartfonl  Steam  ]k)iler  Ins{HX'tion  and 
Insurance  Company. 

London  Journal  and  Re|K*rtorv  of  Patent  Inventions.  Vols.  13,  21, 
35,  and  part  of  Vol.  23.     Ivondon.     Newton  <Si  Son. 

Lon^  Island.  Report  of  Win.  K.  Worthen,  C.  E.  on  tin-  Water 
Department.      1^77.  From  the  department. 

Lowell,  Mass.  Tenth  Annual  Re|>ort  of  the  Water  Board  to  City 
Council,  Januarv  f»,  1883.  Onlinance  relating  to  the  Ixwtll 
Water  Works.      1880.  From  the  Ii^>anl. 

Lynn,  Mass.  Ainiual  Reports  of  the  I'uhlic  Water  Rwinl  for  1873, 
187(5  to  1882.  From  Pnhlio  Water  B^wnl. 

MacCoril,  C.  W.     Kinematit^.     New  York:  .1.  Wiley  it  Sons,  1883. 

Frt>m  the  I'uhlisher. 

MacConl,  C.  W.  Movement  of  Slide  N'alves.  Second  e<lition. 
New  York:  Van  Nostnmd,  1883. 

Mackintosh,  Sir  Jas.      History  of  England.      Philadelphia.  1836. 

Fn)m  B.  B.  M<Kinlcy. 

Madison  City  W'at*r  W  nrks.  First  Annual  R«'j>ort  of  the  Su|H'riii- 
tendcnt.     Ottoher  0,  1S83.  From  the  Suj)erintrn<lint. 

Maine  lioanl  of  Agriculture.  Twenty-fifth  and  Twenty-sixtli 
Annual  Rejwrts  of  the  Secretary  for  1881  and  1882. 

From  the  IVmnl. 

Manchwter,  England,  Council  of.  Thirty-first  Annual  Re|K>rt  on  the 
Working  of  Public  Free  Libraries.      1882-1883. 

From  the  Council. 

Manchester,  N.  II.  First,  Thinl,  Fifth  to  Eleventh  Annual  Re|K>rts 
of  the  B(»anl  of  Water  Commissioners.     1872-1882. 

Fn>m  the  Boanl. 

Markhy,  .V.  II.     S|>ecimens  of  Engn»ving  on  WtMxl.     Philadelphia. 
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Maryland  Institute,  Baltimore.  Annual  Reports  of  the  Board  of 
Managers  for  ]876,  1877  and  1881.  With  an  Address  delivered 
at  the  Annual  Commencement,  .Tune  2,  1882. 

From  the  Institute. 

Massachusetts  Agricultural  College.     Petition  to  raise  $50,000. 
Bulletins  1  to  4  of  the  Experiment  Station.     1883. 
Annual  Reports  of  the  Trustees.     Boston,  1867-1883. 

From  P.  A.  Chadbourne,  President. 

Massachusetts  State  Agricultural  Experiment  Station.  Bulletin,  No.  5. 
November,  1883.  From  the  Station. 

Massachusetts  State  Board  of  Health,  Lunacy  and  Charity.  1883. 
Boston.  From  the  Board. 

McClure,  J.  B.  Edison  and  his  Inventions.  Chicago :  Rhodes  & 
McClure,  1879. 

McElroy's  Philadelphia  City  Directory  for  1867. 

From  Edward  Roberts,  Philadelphia. 

McElroy's  Philadelphia  Directory,  1866. 

Medford,  Mass.  Annual  Reports  of  the  Water  Commissioners  for 
1869  to  1882.  From  the  Commissioners. 

ISIeriden,  City  of.  Annual  Reports  of  the  AVater  Department  for  the 
fiscal  year  ending  November  30,  1881  and  1882. 

From  H.  L.  Schleiter,  Superintendent,  Meriden. 

Messages  of  the  President  of  the  United  States  to  both  Houses  of 
Congress.  With  accompanying  Documents.  1851-2;  1856,  1857, 
1858,1858-9;  1859;  1860-1;  1861;  1867;  1868.     Washington. 

Meteorological  Atlas  of  the  British  Isles,  Official  Publication,  No.  53. 
London,  1883. 

From  the  Meteorological  Council  of  Royal  Society. 

Meteorological  Office  Royal  Society,  London.  Quarterly  Weather 
Report  for  1877.     Appendices  and  Plates. 

From  the  Meteorological  Council  of  the  Royal  Society. 

Meteorological  Office  Royal  Society,  London.  Quarterly  Weather 
Report.     Official  Publication,  No.  33.     N.  S.     1883. 

From  the  Meteorological  Council  of  Royal  Society. 

Michigan.     Reports  of  State  Geologist.     1839-1841. 

Milwaukee,  Wis.  Annual  Reports  of  the  City  Controller  and  Board 
of  Public  Works  for  1874-1882. 

From  G.  H.  Bengenberg,  City  Engineer. 

Minneapolis,  Minn.  Annual  Report  of  the  Board  of  Water  Commis- 
.sioners  for  1882-3.  From  the  Board. 
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MiiiiH'*'ota  <  it  <>l<»<;ical  and  Naturil  Hilton' Surv«v  Cirrulnrs,  .\<*.  1 
to  «j,  aii«l  Mi»i-.ll:ni.  ..n-  Til!. II. -It;. ,11-  \'..  ><,  ami  Kt'iMirt  for  1«7."J. 
St.  I'aiil.  From  tlif  .Sur\'ey. 

Nf«»nctnry  ( 'oiiimi.'vHitui,  I ',  S.,  1  >u<-uiiii-ii(.x  a«i-«»rn|Kinviriir  th«-  I{*'(>«ii-t  of. 
Vol.  2.     lH7!t.  From  Hon.  ( 'lia»*.  O'Ntil,  M.  ('. 

Monotar>'  Confen-noe,  Irif«'rnatiomil,  1878.  K<"|K>rt  of  Proci-e^linffs. 
Wa.-hinjrton,  I87;>.  Fr*.m  Hon.  Cluu*.  O'Ntil,  M.  C. 

Monetary  ConfcriMuv,  I  tin  rii:iM<inal.  I'rrHtMHlinp-.  1H7M  ajn|  ImmI. 
\Va«-liiii<^lon, 

I'mni  T.  F.  Dwi^'lit,  f^ihrariaii  iK-jiartnu'Ot  of  Statt*. 

National  A.Hs«Kiati<»n  <>t"  \\'(miI  .Maniifartunrs.  lioston.  Hiillctin, 
July,  1H»;!»,  From  tin*  A.>s4KMali«in. 

National  lioanl  of  Tnule.  Prowttlinj^  of  Annual  Mwtin^,  1M71- 
18H.{.      Wa-hin^ton.  From  it.  L.  Hu/.liv.  S'«-n'tar>-. 

\Mti.,u:il    I,..:in-.    I'.   S.         177r,-lS80. 

Fn»m  the  TroiL««urv  I>e|Mirtmcnt. 

Nature  La.      I>>;i.      J  |iart^.      I'aris.      .Massoii. 

Nsivy  I  apartment.  Annual  H<|Hirt  of  the  Secn'tarv.  \Vji.-hingt<»n. 
iMOo,  1H»;7,   1M«;8,   IS70,   lS7i  aii<l   1S«2. 

From  the  i.ihmrian  of  the  Navy  I)e|>artment,  Wa-hin^rton. 
Court  «»f  In<|uiry  on  \a*«  of  Areti**  Stnimer  Jesmette.      Wx-^h- 

in^ton,  ISS.I.  From  the  Hon.  S><'retary  «»f  tin-  Navv. 

Flap*  of   Maritim*'    Nation>.       I''ifih    Hlitimi.       Wa^hin^rton, 

1HH2.  From  the  lion.  Si-retary  of  th«-  .\"a\v. 

Ini|irovement-  in  Naval  Kn^rint-erinj;  in  ( m»at  Britain.      1883. 

Wxshington.  Fn»n>  the  Hon.  Sx-retaPk-  of  tlic  Navv. 

Navy  Seientitie  I*a|)ers.     Not*.  4,  5,  (J,  7. 
Rejrister  of  Olliri'rs  in  th«'  Navy  of  tlu'  I'niteil  States.      Wifh- 

ington.      ISfil.  ls<;»;,  1S7;{,  is74  and  |S77. 
Kejjister  of  (  oiniui-siontHl,  etc.,  Oftiwrs  of  the  Navy.     Januar\' 

1,   ISS:].       \\':i>liiiii;tnn. 

Fn»m  the  Hon.  Secretary  of  the  Navv. 

Navy  S'ientifie  FajH-rs.      Nos,  'J,  4,  7-12  and  1  J. 

From  Chief  of  Hure:ui  of  Navigation. 

Nelstui,  Win.  .Ior«iah  Hornblower  and  th.  V\r>^x  Ste:im  Kn^ine  in 
Ameriea.     Newark,  N.  .1.,  188:J.  Fnun  the  .Vuthor. 

Newark  Acjuiiluet  Boanl.      .Vniuial  Kep«»rt>  tor  1S7S-1SS2. 

Fn>m  the  B4Kinl. 

Niw  lUilt'ord,  .Masf*.  .Vnnual  KejHirt.H  of  the  .\eti.*ihnet  Watrr  lti«ini 
to  City  Council  for  lS7n,  IM7I,  lM7;i-lss2  inelusive. 

Fn>m  K.  C.  V.  Cofjjte^hall,  Su|M'rintendent. 
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New  Haven  "Water  Company.     First  to  Fifteenth  Annual  Reports  of 
the  Board  of  Directors.    'l872-1877. 

From  the  Chief  Engineer. 

New  Jersey.     Documents  relating  to  the  Colonial  History  of  the  State. 
1720-lf51.     First  Series.     Vols.  5-7 

From  the  Historical  Society,  Newark,  N.  J. 

New  Jersey  Geological  Survey.     Annual  Reports  of  the  State  Geolo- 
gist for  1869,  1872  and  1874.     Trenton.        From  the  Geologist. 

New  Jersey  Historical  Society.     Proceedings.     No.  4,  Vol.  7.     1883. 

From  the  Society. 

New  Jersey  State  Board  of  Agriculture.     1874-1875. 

New  London,  City  of.     Annual  Reports  of  the  Board  of  Water  Com- 
missioners.    1874-1876  and  1878-1883. 

From  W.  H.  Richards,  Superintendent. 

New  Orleans  AVater  Works  Company.     Fifth  Annual  Report.    April 
9,  1883.  From  the  Company. 

Newton,   Mass.,   Annual   Re])ort  of  the  Board  of  Water  Commis- 
sioners of.     November  1,  1877.     Boston. 

Annual  Reports  of  the  City  Engineer  for  1880  and  1882. 
Annual  Reports  of  the  Water  Registrar,  Superintendent  and 

Water  Committee  for  1875,  1878,  1880-1882. 
Municipal  Register  of.     Boston,  1883. 

From  Chief  Engineer  H.  D.  Woods. 

New  York  Academy  of  Sciences.     Transactions.     1882-83. 

From  the  Academy. 

New  York  and  Brooklyn  Bridge.     Opening  Ceremonies,  May  2-4, 
1883.     Brooklyn,  1883. 

New  York  Chamber  of  Commerce,  11th,  14th,  15th,  17th,  23d  and 
25th  Annual  Reports  of.  From  Geo.  A\'^ilson,  Secretary. 

New  York  State.     Annual  Report  of  the  Comptroller  on  Tolls,  Trade 
and  Tonnage  of  Canals  for  1882.     Albany,  1883. 

From  the  Comptroller. 

New  York  State  Engineer  and  Surveyor.     Annual  Reports  on  Rail- 
roads.    1882.     Albany.  From  the  Engineer. 
Annual  Reports  for  1851,  1858, 1859,  1861, 1864-1867,  1869, 

1876,  1878.     Albany. 
Annual  Reports  for  1868,  1871,  1873,  1875,  1877,  1881  and 
1882.     Albany.  From  the  State  Engineer. 

New  York  State  Survey.     Report  for  the  year  1882.     Albany. 

From  Jas.  T.  Gardiner,  Director. 
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Nirnrno,  Jr.,  .I<»s.     (  uiiipanitiv*-  I)iitii>  ami  the  K»'Iali<iu  i.f  the  Trea- 
Hiirv  DcpartiiR'Ut  to  Tarit!'  Ix-gi-^lation.      NN'jL-liiiiirtuii,  \ss.\. 

From  the  Bureau  *i\'  Statistic!}. 

Norfolk,    \'a.       .\iiiiiial    ItijMirth  of  th«*    Officers  of   Water    Works. 
1«7!»-1  HM'J.  From  J.  U.  T-hI.L 

Normaml,  .1.  A.      Navigation  Stellaire.      Paris,  1883. 

Fnim  tlii-  Autlior. 

North   Adam-,  Mit-vi.       Fourteenth    Anmial    Ke|H>rt  of   the    Pnnlcn- 
tial  Committee  for  1882-8:J. 

From  the  Clerk  N.  A.  (ias  Lijjjjt  Company. 

North  American  Kthnnlo^y,  Contrilmtions  to.      Vol.  o.     Wa>hin^ton, 
1882.  Fnmi  Mrs.  Perry  Fnll.r,  Wa.-*hinnton.  D.  C. 

Northamj)ton,  Ma-^s.     Animal    Reports  of  the   linanl  of  Water  ( 'om- 
miiNsioners.      1870-1883.  From  .1.  M.  Clark,  Superintemlent. 

Ohio.     Annual  Ue|M)rt>  of  the  Secretary  ot"  State  to  the  Governor  for 
187s  and  l.S7!». 

I'roin  the  American  Iron  and  Steel  Asisociation. 

Ohio.     Aiuiual   liej)ort  of  the  Se<Tetarv  of  State  to  the  (Jovt-rnor  for 
1880-82.     Columhus.  From  Ja.«<.  W.  Newman,  Se<.retarv. 

Ordnance    Department,    U.   S.       Annual    Kej>ort    of    Chief.       1874. 
W  jt»hin;xton. 
Ordnance  Mcnjoran<la.      No.  Ifi.      W;L«hington. 
Ordnance  MemorandiLs.      Nos.  22  and  23.      Wjwhinj^'ton. 

From  the  Chief  of  Onlnance  ]iun-:ui. 
Ordnance  Notw.     N(».  31"),  318,  ;}i;»  and  322.      Wa-hiiiu'tou, 
1883.  From  the  Department. 

Ornitholoj^ical  Speeimens.     Collected!  in  1>7 1-1873. 

Pacific  Coast  of  South  America,  War  on.      1879-81. 

From  Chief  of  Hure:ui  of  Navi'jation. 

Patent  Ofti(H»,  Hritish.     .Vbridgements  relating  to — 

Ekvtricity  and  Magnetism.     Div.  »».      Pts.  1  iV:  _'.  l^;*.7-7li. 

Fin-  Arms.                                Div.  2.     Part  2.  1n«;7-76. 

Iron  and  Steel.                                             Part  1.  li!2<»-<Ji». 

.Marine  I'ropulsion.                                   Part  2.  lSti7-7(>. 

Milking,  etc.                                             Part  2.  l8i;7-70. 

Saddlery,  etc.                                              Part  2.  ISG7-7G. 

rnfermenteil  leverages.                          Part  2.  ls«;7-7G. 

Watclu's,  etc.                                               Part  2.  ls«;7-7tj. 

Weaving.                                                     Part  2.  l8«i7-76. 

Alphal)ctii-al  Index  <»f  Patentees.     Jan.  to  June:  'Inn.  to  Aug.; 
Jan.  t<»  S>pt.:  Jan.  to  (Vt.      1882. 
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Patent  Office.     Disclaimers  of  Patents.     Nos.  124  of  1871  ;  3,988, 

4,188  of  1878;  55,  926,  3,555  of  1880;  737,  1,749,  1,984, 

2,238,  2,258  of  1882. 
Disclaimers.     Xos.  983,  2,443  of  1877;  3,134  of  1878;  5,184, 

5,220  of  1880;  2,330,  4,938  of  1881;  2,254,  3,888,  5,104 

of  1882. 
SiJecifications  and  Drawings.      Vols.   24-49,   or  Nos.   2,300- 

4,900.     1882. 
Specifications  and  Drawings.     Vols.  45 ;  50-63  of  1882,  and 

Vol.  1  of  1883;  also  Subject  Matter  Index  for  1881. 
Specifications.     Nos.  5,186,  5,525  of  1881;    310,  808,  1,618, 

3,809  of  1882. 
Subject  Matter  Index.     Jan.  to  June;  Jan.  to  Aug.;  Jan.  to 

Sept.,  and  Jan.  to  Oct.     1883. 

From  the  Commissioners. 

Patent  Office,  United  States.  Specifications  and  Drawings  for  Sep- 
tember and  October,  1882,     Washington.  From  the  Office. 

Patteru-Book  for  Art  Metal  Workers.     London, 

Pawtucket,  R.  I.  First  to  Sixth  and  Eighth  and  Twelfth  Quarterly- 
Reports  of  the  Water  Commissioners,  and  Second  and  Third 
Annual  Reports  of  Commissioners  and  Superintendent.    1877-1883. 

From  the  Superintendent. 

Peabody  Museum  of  American  Archaeology  and  Ethnology.  Fifteenth 
Annual  Report  of  the  Trustees.     Cambridge,  1882. 

From  the  Trustees. 

Penn  Monthly  Magazine.  May,  June  and  July,  1878;  January  to 
April  and  June  to  November,  1878. 

From  J.  T.  Burk,  University  of  Pennsylvania. 

Pennsylvania  Academy  of  Fine  Arts.  Fifty-fourth  Annual  Exhi- 
bition, October  29  to  December  8,  1883. 

From  the  Academy,  Philadelphia. 

Pennsvlvania  Common  Schools.  Annual  Reports  of  Superintendent. 
1857,  1866  and  1867,  1868  and  1874.     Harrisburg. 

Pennsvlvania.  Laws  of  the  General  Assembly  passed  at  Session  of 
1881. 

Laws  passed  at  the  Session  of  1883.     Harrisburg. 

From  Hon.  G.  W.  Hall,  House  of  Representatives. 

Pennsylvania  Museum  and  School  of  Industrial  Arts.  Fifth  Annual 
Report  of  the  Board  of  Trustees.     1880.     Philadelphia. 

From  the  Board. 

Pennsylvania  State  Agricultural  Society.  Reports.  Vols.  2,  4,  6,  7 
and  9.     Harrisburg,  1855-1877. 
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Prnnsvlvaiiia  .Stat*-  lioanl  of  A(n"i<'»'t"ri'.     R*i»»>rt  for  1877. 

From  H«»n.  G.  W.  Hall,  Hoa*^  of  Repn-sentatives. 

Pt-nira,  .loiiatlian.  Iah^Wxtc^  on  Polariwfl  Light.  I>»n«lon  :  Ix)ng- 
iiian  ft  al.      1H.'>4. 

Philadelphia  and  li^'ading  liuilrrMid  ('onj|>any.  He|>orts  of  the  Prr*i- 
<lent  and  Mana^^ers  to  the  St(xk holder*.      1M.'jI-1mh2. 

Fronj  the  President. 

Philadelphia.  Annual  K«*|K)rt  of  the  Chief  Enjjineer  of  the  Wat«T 
Department  for  IMM'J.  From  the  Chief  Enpntir. 

Philuilelphia  HiL>*iness  Directory,  18m:J^  and  Philadel|>hia  City  Direc- 
tory, 1«7".«  and  1H8.'J.      Philadelphia.     (io|will. 

Fnmi  L.  .'^.  Ware. 

Phihulelpliia.  Fir>t  and  S^^-ond  Annual  Mfs,«<ig;i"s  of  .Samuel  (J.  King, 
Mayor.  From  the  Mayor. 

Philadrlpliia.      First   to  Third  and    Fifth  to  Ninth  .Vnnual    M- 
of  \V.  S.  Stokley,  Mayor.  Fn>m  Hon.  \V.  S.  Stoki.  -. 

Pitt.slnirgh,  Pa.  Anntia!  Rei>ort  of  .Sii|)orintendent  of  Water  Work<* 
f(»r  1M8(K  Fn»m  the  Superintendent. 

Polyt«>clini-<lien  Schule  zu  Karlsruhe.  Pn)gnimm  fur  ISH.'J-I  ><M4. 
KarUrulie.  From  the  S'ho«»|. 

Poole  tV:  Hunt.  Catalogue  of  Dtmhle  Turhine  Water  Whc»  l*.  Ilidti- 
more.  From  the  MainifaetunT. 

P<H)r,  H.  \  .  Manual  of  the  Kailr<>:id>  of  the  l'nit»"«|  .Stat^-s.  New 
York,  1809. 

Poor,  n.  \'.  Manual  of  Kailnuids  of  the  Cniti'*!  State>.  l^iT**-!  ; 
1871-2;  187:5-4;  1x74-');  l87«;-7;  1877-.^;  1878;  18H2  and 
1883.  Fn)m  Pmir  iV:  Co.,  Publisher*,  New  York. 

Port  Huron,  Mieh.  Ninth  an<l  Tenth  .\nmial  He|>orti*  of  the  Il<»!ini 
of  Water  Commissioners.      Fnim  W.  H.  Aver}',  Superinten<leni. 

I'ortland  Water  Com|Hiny.  llatt-s,  Rule«i,  eto.  1881,  and  Ke|x»rt  to 
the  President,  by  .1.  H'.  SIkhM.      Portland,  1882. 

Fnim  the  Chief  Kngineer. 

P*)rtsmoutli  NNater  W..rk-.      Annual  Ke|»orts  for  lS82and  ls8.'i. 

Fn>m  the  ( 'hief  Knginwr. 

Postal  Telegraph  Comjmny.  Pamphlet  deseribing  the  (Objects  thereof. 
New  York.  Fn»m  the  Sei'rvtark-. 

Potter. Thtw«.  (\>nerete.    It.<«  Cse in  Building, eto.    Ixtndon:  Spitn.    N.  D. 

Pmcti«-al  Meclmnies  Journal.     1854,  1865;  October,  18G6:  and  1809, 
1870.     Ix>ndon. 
Wholk  No.  Vol.  rXVII— (Third  Sehiks.  Vol.  IxKxrii.  31 


482  BooJ:^  Added  to  Library.  [Jour.  Inst.  Frank., 

Pratt  and  Whitney  Company.  Hartford,  Conn.  Descriptive  and 
Illustrated  Catalogue.  From  the  Company. 

Prescott,  A.  B.  First  Book  in  Qualitative  Chemistry.  New  York. 
Van  Nostrand.     1879. 

Printing  Types  and  Every  Requisite  for  Typographical  Uses  and 
Adornment,  Book  of  Specimens  of.     Philadelphia,  1883. 

From  Mackellar,  Smiths  &  Jordan,  Publishers. 

Providence,  R.  I.  Quarterly  Reports  of  the  Board  of  Public  Works. 
1883,  and  Annual  Report  of  the  City  Engineer.  1882.  Report 
upon  Systems  of  Sewage  of  Moshassuck  and  West  River  Districts. 
1883.  From  the  Board. 

Public  Charities  of  Pennsylvania,  Tenth  Annual  Report  of  Com- 
missioners.    Harrisburg,  1880. 

Public  Instruction.  Reports  of  the  Superintendent  for  1877,  1879, 
1880  and  1882.  From  the  Superintendent. 

Public  Ledger  Almanacs  for  1872,  1873,  1875,  1877  and  1883. 
Philadelphia.  From  Geo.  W.  Childs. 

Public  Ledger  Almanac  for  1874.     Philadelphia. 

From  L.  S.  Ware. 

Public  Library  of  Boston.  Twenty -third  Annual  Report  of  the 
Board  of  Trustees,  and  Bulletin  No.  7,  Vol.  5. 

From  the  Librarian. 

Public  Library  of  Cincinnati.  Annual  Reports  of  the  Librarian  and 
Treasurer  for  1883.  From  the  Library. 

Putnam,  F.  W.     Iron  from  the  Ohio  Mounds. 

Putnam,  F.  W.  Notes  on  Copper  Implements  from  Mexico.  Cam- 
bridge. From  the  Author. 

Railroads,  Canals  and  other  Public  Works  in  the  Ottoman  Empire, 
Forms  of  Contracts  for.     New  York,  1883. 

From  B.  H.  Bartol. 

Railroad  Riots  in  July,  1877.     Reports.     Harrisburg,  1878. 

Rambossom,  J.  Histoire  des  Meteores  et  des  Grands  Phenomenes  de 
la  Nature.     Paris  :  Didot  &  Co.     N.  D. 

Reading  Railroad  Company.     Report  for  1877. 

Reis,  P.    .(See  Thompson,  S.  P.) 

Report  of  Committee  of  Coinage,  Weights  and  Measures.  Wash- 
ington.    Government.     1879.  From  Chas.  O'Neil,  M.  C. 

Revue  Generale  de  I'Architecture  et  des  Travaux  Publics.  4"°  Serie. 
Vol.  9.     Paris,  1882.  From  Ducher  et  Cie. 


May,  1884.]  Booh  Added  to  Library.  4H3 

Richter.      I norjranic  Chemistry.     Tran.slatotl  by  E.  F.  Smith. 
RolMTtsoii,  Win.    1  li.storv  of  the  I)i.^x>ver>'  an.l  Sttleinent  of  Aiiuri.-a. 

New  York,  1h;j:>.       '  l'>"»i  H.  IJ-  M^Kinl.y. 

l^)ch(«ter,  X.  V.      I{e|M)rt-  of  the  Itoanl  of  Water  Commi^ioiier.  for 

1874,  1H7G-1HH2.  I"'""om  the  lioanl. 

KiH-kfonl,    III.      Aimiiiil    K.  p-rt-  ..i    the  City  ()m<-ers  for   iHMl    ami 

lj^X2.  From  J.  A.  Ferjjtisoii. 

Ilojjers,  W.  .\.      M«tho<l  of  Determining  the  Index   Krn»r  «.f  a  M«ri- 
(lianCinl.-,  Stii.Ii<-  in  Metrology,  etc.     Camhri<l>:e,  Ma.'W. 

Fnrni  the  Author. 

Rollo's  Philosoi)h\ .      Tart  ;i.      Fire.      Phihuielphia,  1  s  1.',. 

From  B.  H.  M.  KinUy. 

Rowan,  T.     SponUuicons  Combustions  and    Kxplosions  o«vurrinjr  in 

Coal  Cargoes.      I^Huion  :  S|M)n,  18M2. 
R(.val  Cornwall   Polvteehnie  S<.i-iety.      Fiftietli  io  |H.rt.      IM^'J.      Fal- 

moutii,  Fngland.  '  t>"""  'l'^'  S«^-it*ty- 

Royal   Irish   Academy.      RnK-ec<lings.     Series  2,  No.  4,  Vol.  2 ;  Xoe. 

;»  and   in,  Vol.  .'*>•  Tran.saetion.s.     (X-toU-r  and   NovemlM-r,   1M82; 

January  and  Jtuie,  18H;J.  From  the  A«-ademy. 

Sandy  River  I{:iilroad  C«)mpany.     See<md  an«l  Thinl  Annual  lieports 

of'Ortleers.      ISSlund  18S2.  From  the  Presiilent. 

Sanitarian  ;    a    Monthlv.       April,   July,   Septemln-r,    NovemUr    and 

DireinU'r,  1873;    January  and  February,  1874;    Fel)ruary,  Aprd 

and  October,  187')  ;  Januiuv  to  Mav.  1S7»;.      N.w  York. 

'  Fi-om  A.  N.  IWll,  Publi.-^her. 

Stinitarian.      Vols.  1-4,  and  1")  (kM  luimbers.     New  York. 
Savannah,  (Ja.     Fit\h  and  Sixth  Annual  Rei>ort.«^  of  John  F.  Wh.-a- 
(on.  Mav.r.  DitvinlnT  .U,  1881  and  1SS2. 

Fn)m  the  Chief  Kn^rim-er.  Water  I>.'|M»rtment. 

Solnmlbrnl.  J.  N.     Electric  Lighting.     lx>ndon:  Hanlwicke  iV:  B4»gtie. 

187S. 
Signal  SiTvitr  Otlicc,  C.  S.  A.     Annual    lie|)ort  of  tin-  Chief  Signal 
onicer  ft>r  1871. 

Monthlv  Weather  Review.     June,  187.');  Aprd,  lS7i>:  March 

and  iVivmlHT,  1880,  and  IK^i-^iuUt,  1881. 
Pn>fesvsional  Pa|)ers.      Ni>s.  8-12.  Fn»m  the  Office. 

Sinunonds.  P.  L.     Tr(»i)ical  .\gricultun\      Ix)n<K>n  :  Sjion.  1877. 
ScK'ict^  des  .\rt.<.      ProciS-VerUd  de  la  soisjmti^sixi.'^me  S'-ance  (iem- 
rnle,  et  Rulletin.     No.  119. 

From  Ci>leman  .S'llors.  Philadelphia. 
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Soci^te  Industrielle  do  Mulhouse.    Alsace.    Bulletin,  No.  91,  Vol.  19. 
1845.  From  the  Society. 

Society  of  Arts.     Journal.     Vol.  10.     1861-2.     London. 

Transactions  for  1847-8.     London.  From  the  Society. 

Spang,  H.  W.     Practical  Treatise  on   Lightning  Protection.     New 
York,  1883.  From  D.  Van  Nostrand,  Publisher. 

Spectator,  The.     In  2  vols.     Philadelphia,  1830. 

From  B.  B.  McKinley. 

Springfield.     Third  Annual  Report  of  Water  Works  for  1883. 

From  the  Chief  Engineer. 

Springfield,  Mass.  Annual  Reports  of  the  Board  of  Water  Commis- 
sioners of  the  City.     1875-1882.  From  the  Chief  Engineer. 

Spring  Garden  Institute.  First,  Fifth,  Eighth  and  Eighteenth 
Reports  of  the  Board  of  Managers.     Philadelphia. 

From  the  Librarian. 

St.  Paul,  Minn.  Fii-st  Annual  Report  of  the  Board  of  Water  Com- 
missioners for  1882.  From  the  Commissioners. 

Stahl,  A.  W.  Transmission  of  Power  by  Wire  Rope.  New  York  : 
Van  Nostrand,  1877. 

Statistical  Abstracts  of  the  United  States.  1st,  3d  to  5th.  1878- 
1882.     Washington.  From  the  Treasury  Department. 

Statistical  Abstracts  of  the  United  States.  Nos.  1-5.  1878-1882. 
Washino-ton.  From  Bureau  of  Statistics. 

Stockton,  Cal.     Annual  Report  of  the  Mayor  for  1882-3. 

From  Henry  Eshbach,  Chief  Engineer. 

Stone,  T.  W.     Simple  Hydraulic  Formula.     London:  Spon,  1881. 

Stove  and  Hardware  Reporter.     1883. 

Sturtevant,  B.  F.     Blowers.     Catalogue.     Boston,  1883. 

From  the  Manufacturer. 

Sullivan,  J.  T.  Report  of  Historical  and  Technical  Information  relat- 
ing to  Problem  of  Interoceanic  Communication  by  Way  of  Ameri- 
can Isthmus.     Washington,  1883. 

From  J.  G.  Walker,  Chief  of  Bureau  of  Navigation. 

Supervising  Inspector-General  of  Steamboats.  Ajinual  Report  to 
Secretary  of  the  Treasury  for  1883.     Washington. 

From  the  Inspector-General. 

Surgeon-General's  Office,  Y.  S.  A.  Index-Catalogue  of  the  Library. 
Vol.  4.     Washington,  1883.  From  the  Surgeon-General. 
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Survey  oC  Nortlicni  li<iini<lary  oC  the  I'liitMl  States  from  I^kt  of  the 
WoVxls  to  KfK-ky  Muiiritaiii.-.      With  Alls, 

IVotn  'I'.  1".  I)\vi^ht,  Librarian  Department  of  Stale. 

Siirv*  vor-(i«Mnr:il  of  l*<nnsylvania.      Annual    K<j>ortH  for    lM«;s   an«l 
IHTO,      Ilarri.shurg.  Fntni  the  Setntary  of  Internal  Atlain*. 

Supervising    Insjiootor-d^'iHnil  of   Steam    \'<>>*'U      Annual    He|»f>rt8 
for  1H«2  and  1M«3.  From  the  Offi.v. 

Swank,  .las.  M.      IntnMltiction   t<>   Mi-tory  of  Iron  Miikin^  an<l  Coal 
Mining  in  i'ennsylvania.      I'liila<lelphia,  1H7H. 

Swank,  .la>.  M.     Stati>ti<'-  <>t"  It- m  and  St«'l  IVxludion  of  the  I'.  S. 
Washington,  IHMI.  From  iH'partment  of  Interior. 

TaMiiton.       Annual   Ke|>f)rts  of"   the    Water    ( 'ommiKsioners.       1877, 
1M7I»-1882.  Fnwn  the  C'ommi•^«inne^s. 

Textile  Manufacturer.      Otld   nuinUrx  in    1x77-1  ><*»'•.      Manehe^ter, 
Kn^land. 

Th<»m|>s<)n,  S.  !'.      I)ynamo-Eleftrir  Machinery'.      New    Y<>rk  :    \'an 
N«iHiran<l,  1«H.{. 

Thorn|>s<)n,  S,  1*.      IMiili|ip    lui-.    Inventor  of  the  Tclfphonr.      I>on- 
don  :  Sj>on,  188.'i. 

ThnrUr,  F.  li.     Colle*'.      Third  e<  lit  ion.      1883. 

i'lmr-ton,    \{.    II.      MateiiaU  of  Kn^inet'rin^.      In  .'>  pjirts.      Part   2. 
Iron  and  Stnl.      \<\\   Vi.rk  ;  .1.  WII.  v  A-  Sins. 

From  the  Puhlishers. 

Tohilo,  Ohio.      Annmil    Ke|Mtrts  (»f  tlie  Water  Works  for   Issl    ami 
1882.  From  the  SujXTinten<hnt. 

Tnuitwine,  J.  C,  ()i>itnary  of.      IMiiladelphia. 

IVom  J.  ( '.   Tnuitwine.  Jr. 

'Treasury  I >epart?neiit,  I  .  >.      lu|H)rt  -•!   Cattle  C«unmiK«iinn.      Wa-h- 
in^^ton,  1882.  From  the  I>e|kartn)ent. 

He|H»rt  of  Cattle  Commission  on   the  Lunir   IMajjue  of  Cattle. 

Fntm  the  Hnre:ni  of  Stati?»ti«"s. 

Annual    lu|Kirt  of  the    hin^lor  of  the   Mint.      1*^74.      ^^'!^-ll- 
in^ton 

Animal    Kejxirt  of  the   I)irei'tor  gf  the   Mint   to  the  Scrretnrk- 
for  ISS.'{.      Washingtttu. 

Anmud    Hejwrt  <»f  Dinvtor  of  I*.  .S.  Mint   ti|H>n   the    Ppxhie- 
tion  of  l*re<Mou<   .Metals  in  the   V .  S.      lss;i.      Wa.-hinirt«»n. 

Fn»m  the  I>im*tor. 


486  Books  Added  to  Library.  [Jour.  Frank.  Inst., 

Treasury  Departmeut,  U.  S. 

Annual  Report  of  the  Supervising  Architect.     1868  and  1870. 
Estimates  and  Appropriations  for  1883—4.     Washington. 
Lists  of  Merchant  Vessels  of  the  United  States  for  the  years 
ending  June  30,  1868,  1873,  1874  and  1883. 

From  the  Department. 

Reports  of  the  Secretary  of  the  Treasury  on  the  State  of 
Finance.  Washington,  1837-1844;  1851-2;  1852;  1860; 
1868. 

Report  upon  the  Condition  of  the  Banks  of  the  United  States. 

Washington,  1860. 
Synopsis  of  Sundry  Decisions.     1877-1882.     Washington. 

From  the  Department. 

Treaty  of  Wa.shington,  Papers  relating  to.     Vols,  1-6.     Washington, 
1872.  From  T.  F.  Dwight,  Librarian  Department  of  State. 

Trenton,  N.  J.,  Annual   Reports  of  the  Board  of  Water  Commis- 
sioners.    1880-1883.  From  the  Board. 

Troy,  N.  Y.     First  to  Twenty-eigth  Annual   Reports  of  the  Water 
Commissioners.     1856-1882.  From  the  Commissioners. 

Union  Canal.     Letters  on  the.     1825. 

United  States  Association  of  Charcoal  Iron  Workers'  Journal.  Nos. 
2-6  of  Vol.  3,  1882,  and  Nos.  1,  3  and  4  of  Vol.  4,  1883. 

From  the  Secretary. 

United  States  Board  appointed  to  test  Iron,  Steel  and   other  metals. 
Report  in  two  Vols.     Washington,  1881.     Vol.  1. 

From  Hon.  Charles  O'Neil,  M.  C. 

United  States  Board  appointed  to  test  Iron,  Steel  and  other  metals. 
Report  in  2  Vols.     Washington,  1881. 

From  Mrs.  Perry  Fuller,  Washington,  D.  C. 

United  States.     Commercial  relations  of.     Bulletins  Nos.  9  and  12. 
Washington. 

From  T.  F.  Dwight,  Librarian  Department  of  State. 

Digest  of  Appropriations  for  the  Support  of  the  Government 
On  account  of  the  service  for  year  ending  June  30,  1874. 

From  the  Treasury  Department. 

Entomological  Commission.  Bulletin  No.  5.  Chinch-bug. 
Washington. 

Geological  and  Geographical  Survey  of  the  Territories.  Hay- 
den.  Annual  Report,  Twelfth,  in  3  Vols.  Washington, 
1833.  From  the  Survey. 

Atlas  of  Colorado,  1881.     2d  Edition. 
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United  State*.     Geoloj^ical  ami  (ieojjrapliical  Survey.     Bulk-tin.      Ut 
Series,  N'».  -  ;    2<1  Series,  No.  4.     \V':L-liir>^.'tnri. 

From  th«'  I)<|»artiucnt  of  Int<'ri<ir. 

(irntto  (Jeyser  of  tilt-  Yt-Uowi-toue  National  I*ark.  Wasliinp- 
t,,n.  From  the*  Survey. 

Minx-IIaMcoii:-  I'uldicatioii.-,  N<»>.  2  ami  o.      Wa.-liington,  187.*J. 

Liiitnl  States  ( ieolojrical  Survey.  .1.  W.  I'owell,  I)ire«-u»r.  SetfMul 
Annual  KeiH)rt,  1«H(»-IHH1.  'Au«1  Tertiary  Hi-t.»n-  of  the  (inuul 
Caflou  District,  with  .Vtlas.      liy  ('.  K.  Dutton.      \Va.shium«>n. 

From  the  Sur\'cy, 

Unite<l  Staters  Geoloj^icjil  Surv«y.      hiillttin  No.  1.   W:L-.hinjrt<>ii.  1M83. 
Mea^iiririj;  heijjhts  hy  means  of  Ikintmeter.      By  (i.  K.  (Jillxjrt. 
\Va>hiiij,'ton,  \HH'l.  From  the  Survey. 

Uniteil  States  National  Museum.  BulNiiu  N«>.  11.  Wa-.jiiiij.'ton, 
18^2,  From  the  Muxiun. 

.Naval  ( )l)servatMn-.  Sul)j«*<t- Index  to  the  PuMimtions  of  the 
Olwervatory.  lH4r)-1875.  By  E.  S.  llohUn.  Washing- 
ton, 1871».  From  the  ()l>s«rvatork'. 

Revenue  Steamer  Corwin.     C'ruis*'  in   -Vhtska  and  the  N.  W. 

Antic  Ocean  in  ISHI.      \Va>liin^'ton,  188.;. 

From  K.  N.  (  lark,  Chief  Bureau  of  .Marine. 

Ilevenuc  Stwuner  Corwin.     Cruise   in   the  A  ret  ic  ()ce:in.      By 
( '.  I,.  Il.M.|K'r.      \Vjtshin),'ton,  1881. 
I  niuliart,  .1.  W  .      Kleetiotypiuj;.      I^mdon:    I/H"kw«M»d  A.'  Co.,  l^^iil. 
\'irginia.      Kc|»orts  for  (Jcolotrjciil  Survey  tor  18.'};»-184<>. 

Van  Kichter,  \'.  liiorLMui.  Chemistry.  Fhihulelpliia:  1*.  Blaki«- 
ton.  Sun  ,t  Co.,  188:5.  From  the  Ful.li.shers. 

Warner  Free  Institute  of  Sience.      Ainionn(vment  f(»r  188.'i. 

IVonj  I'rof.  ^^  in.  Warner,  Philadelphia. 

Walliu^'fonl,  N.  11.      Annual  Ke|K)rtsof  the  ()ffie<'rs  of  the  Ii4»rough. 
November,  188;>.  From  the  Water  Commissioners. 

Waltham,  .Miuss.  .Vnnual  KeporLs  of  the  Water  Commissioner*.  1874- 
1877,  and  1 88(^-1882. 

From  the  Chief  F^jpineer  Water  I>e|»artment. 

War  Department.      Annual    l{e|H)rt  of  the  Sinfarx .      \'ol   2.    1870. 

\N  ashington. 
Warn,  H.  11.      Sheet-metal  Worker's  I n>truetor.    lMiila«lelpliia  :  Riirxl. 

18SI. 
Washinu'ton  .Vipu-duei.      Annual  Ke|>orts  of  Chief  Kngiut-er  an«l  (Jen- 

eral    Sn|H'rintendent.      18(;4-I8t;i»:  1871.  187.?.  1877   and    187}». 
Fn>m  the  Chief  Kuirinttr,  Wa-hiuirton,  IXC. 
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Waterbuiy,  Conn.     Annual  Reports  of  Water  Commissioners,  1869- 
1883.  From  the  Commissioners, 

Watson,  E.  P.     Manual  of  the  Hand  Lathe.     London:  Spon,  1882. 

Watts,  J.     Improvement  of  the  Mind.     Boston.     N.  D. 

From  B.  B.  McKinley. 

Weisbach,  J.     Mechanics  of  Engineering  and   Machinery.     Vol.  3, 
Part  1,  Section  1.     New  York:  J.  Wiley  &  Sons,  1883. 

From  the  Publisher. 

Westfield,  Mass.     Report  of  the  Water  Commissioners  of  the  town  for 
1875.  From  the  Chief  Engineer. 

Williams,  Jr.,  A.     Mineral  Resources  of  the   L^.    S.     Washington, 
1883.  From  the  L^.  S.  Geological  Survey. 

Wilson,  J.  F.  J.     Stereotyping  and  Electrotyping.     London  :  Wyman 
&  Sons.     N.  D. 

Wilson,    J.    F.   J.      Tvpographic    Printing.      Loudon:    Wyman    & 
Sons.     N.  D. 

Wiltshire,  Thos.     History  of  Coal.     London:  Spon,  1878. 

Wylie,  C.    Treatise  on  Iron  Founding.  London  :  Simpkin  et.  al.  N.  D. 

Wisconsin  Geological  Survev.     Annual  Report  of  Chief  Geologist  for 
1876  and  1877.     Madison. 

Worcester  and  Nashua  Railroad  Co.     Thirty-fifth  Annual  Report  of 
the  Directors.     January,  1883.  From  the  Company. 

Wright,  C.  D.     Social,  Commercial  and  Manufacturing  Statistics  of 
Boston.     1882.  From  the  Author. 

Wurtele,  A.  S.  C.     Standard  Measures  of  the  United  States,  Great 
Britain  and  France.     London:  Spon,  1882. 

Zahner,  R.     Transmission  of  Power  by  Compressed  Air.     New  York : 
Van  Nostrand,  1878. 

Zanesville,    Ohio.     Annual    Reports  of  the   Trustees  of  the  Water 

Works.     1881-1882  and  18.S2-1883.  From  the  Trustees. 

Zoological  Society  of  London.     List  of  Fellows. 

From  the  Society. 

Zoological  Society  of  London.     List  of  Vertebrated  Animals  in  the 
Gardens  of.    Eighth  Edition.  1883.  London.     From  the  Society. 

Zoological  Society  of  London.     Proceedings.     Part  3,  May  and  June, 
1883,  and  Index  for  1830-1847.  From  the  Society. 

E.  HiLTEBRAND^  Librarian. 
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